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CERTAIN ENVIRONAL AND NUTRITIONAL FACTORS AF¬ 
FECTING APHANOMYCES ROOT ROT OF GARDEN PEA > 

Pmtl (i. Kmith, formerly annistani in plant pathology and agronomy^ and 
\] i\ WalkIiK, proftHHor of plant pathology, Wiitnmsin Agnrultural Kxpcnmtnt 

Station 

INTRODUCTION 

The Aphaitomyven root rot {Aphanomycen enUichtu Divchs.) has 
been an important (lis(*ase of pea (Pittvm satinnn L.) in the eaiiiiing 
crop in Wisconsin and titimemus oilier States for the past 20 years 
or iiion*. Earlier studies by Jones and associates (.9, lOy and by 
iiKunbers of the New Jei*sey Agi-icultural Experiment Station (6; IS, 
It pi. 52) emphasized tlu‘ iin])ortance of soil moisture as well as tem- 
])eratun' in their infiueiu'e upon the development of the disease. 
More r(‘c<‘ntlv Walker and Musbach 020) found little or no infc^ction 
in the greenlioiise in soil from a severely diseasinl field wlien the 
moistiir(‘ level was k(‘pt lo^ while at higher moisture contents the 
disease was vciy severe. 

Efforts to (ind a ])racticable control for this disi^ase hav(» been only 
partially successful. Investigators at the Nc»w Jersey Station in a 
stories of reports (4, //, 12,13, 1 Jt) have slniwn that heavy applications 
of complett* f(»rlilizers an* elfective in reducing the severity of infection. 
Tln\V also foimd that the nitrogen compounds used in the fertilizer 
mixtures wen* much more influential in n*ducing root rot than the 
|)hosphorus and potassium components. No benefit resulted when 
the f(*rtilizer was applied after infection had taken place. Walker 
(lii) in Wisconsin and (haich (3) in Australia have obtained similar 
decr(*as(*d infection with tin* use of comjdete fertilizers. Walker and 
Musbach (20) showed that afiplicutions of fertilizer containing nitro- 
g(‘n n'diiced root n)t damagi* in the field soim^what more than corre¬ 
sponding applications 'vvitliout nitrogen. They also found that 
gn'al(»r prot(*ction A^as effect<»d when the fertilizer was applied in the 
drill at the time of planting than >\heu it was applied in a furrow at 
one* sid(» of but nuiioved a slight distaiici* from the seed. 

The* purpose of tin* present investigation was to <*xaniine more 
closely the relation of certain enviitmmental factoi*s to the develop¬ 
ment of tin* disease, and to study the effect of mineral nutrition on 
its incidence and severity. 

MATERIALS AND METHODS 

In the study of the effect of nutrition on the disease a constant-floAi 
sand-culture method was used. The nutrient solutions were allowed 
to drip at the rate of 600 to SOO cc. per day into 8-inch flowerpots filled 
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wjth washed, sterilized silica saud. The mside surface of the pot was 
varnished to pi-evenl diffusion of salts. Each pot was quipped with 
an intermittent siphon which allowed the nutrient solution to rise 
within 2 inches of the surface before draining. The time required 
for each iiot to fill and drain varied from 24 to 36 houre. 

The nutrient solution used throughout was a modification of that 
described by Hoagland and Snyder (7). In addition to the normal” 
solution, solutions containing extra quantities of one of the elements 
N, P, and K and solutions lacking one of these elements were used. 
TIm* rdtio of e&ch eleinoni in thi* solutions to that in thr 

liormai solution was appwxinidtnly: N, L15 to 1; P, 2.0 to 1; and h, 
1.28 to 1. A trace of each of the ossential minor eJements was added 
to all solutions. The reaction of all solutions was maintained between 
pll 5.5 and 0.2. The composition of the various nutrient solutions 
used is ^?iven in table 1. In the experiments involving higher con¬ 
centrations of the nutrients, NaCl was added so that the proportions 
of the major elements could be varied without clianging the total 
salt concentration. 


Table 1. (^hinncal componitton of ih nutntnl solutions at tht basic concentration 
used in the sand-^cuUurt (xjHnrntnt^ 


(*hptiii( al 


(VNOilj 

Carii 

KNOi 

KCl 

NaNOi 

Nan- 

Mk«0 , 

KUiPOi 

Nall2p04 


Cubii oentiiiieters of molar i>olut tons used to make up 10 liters of uulrient 

Normal 

IK 

-K 

4P 

P 

4- 

-N 

1 •M) 0 

1)0 0 

W 0 

*10 0 

W 0 

*10 0 








50 0 

>10 0 

flOO 


.W 0 

.*10 0 

W 0 



10 7 

W 0 


10 0 

22 2 

W 0 

22 2 I 

5 5 

22 2 

12 2 

22 2 


22 2 

20 0 

20 0 

20 0 

20 0 

1 20 0 

20 0 

20 0 

10 0 1 

10 0 


10 0 


10 0 

10 0 

1 


10 0 

10 0 



1 


I W (i of a M /J salt solution in 10 litors o(iuals 0 (N)*) M < on< entrution 
i Nol used in the diluto nutrionl solution c\i)eriinent& 


Inoculum was obtained by growing the oigaiiisni in pea decoction in 
250 cc. Erleninoyer Husks. About 25 w'nnkled-type pea seeds were 
placed in each flask, 100 cc. of water w^as added, and the flasks were 
plugged and autoclavetl for 2 bom's. Each flask was inoculated with 
a fragment of an agar cultun* of the fungus, and the organism was 
allowed to grow for 10 to 12 days. The zoospore suspension was 
obtained bv removing the myceliarinats, washing them fii-st in running 
tap water for 2 hom-s, and rinsing them in distilled water. They wei'c 
tlien placed in shallow pans with just enough water to cover*them. 
Abundant zoospore foimation followed within 0 to S hours. 

Inoculation was made by adding 100 cc. of the zoospore suspension 
to each pot. In the fii-st experiments the siphon drains were pliiggecl 
at the time of inoculation and the sand was flooded with the nutrient 
solution. After 24 Lours tlie plugs were removed and the nutrient 
was allowed to flow through iii tne normal inanner. In the experiments 
in which the liiglior salt concentrations were included, small 1 mm. 
bore siphons were placed over the edges of the pots after the sand w^as 
saturated and the nutrient w’as allow’^ed to continue dripping into the 
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pots. With the ends of tlie small siphons placed under the sand, the 
siphon column was not broken and the nutrient solution continued 
to flow into the pots without causinii; them to flood. The pols were 
drained after 24 iioui*s. 

The Wisconsin Perfection variety of pea was used throughoiiti all 
experiments, except where indicatecl. Eighteen seecls wore planted in 
each pot. 

DISEASE SYMPTOMS AND METHOD OF DISEASE RATING 

111 sand oullures the firsi symptoms of the disease appear on the 
roots within 4 or /> days after inoculation. Water soaking spreads 
above and below the initial infection zone M'ithout appreciable dis¬ 
coloration in the area of infection. The water-soaked tissue is linn at 
first, but it gradually becomes yellowish and soft, darkening with age 
and eventually collapsing and disintegrating. About 4 days after the 
underground symptoms may be found, water soaking appears in the 
stem above the sand level and progresses an inch oi* more up the 
aerial portion of the stem. 

The extent of disease development W’as recrmlecl wlion all or I'early 
all plants in the dilutes! solution in the respective series showed 
severe above-gmund symptoms. Plants were removed from tlie sand 
and divided into five arbitraiy classes based on tlie scATrity of disease 
and designated as follows: (), No <liseas('; I, slight W'ater soaking on 
epicotyl or on primaiy or secondaiy roots; 2, inoderati* w^ater soaking 
of primaiy root or epicotyl, with or without slight darkening of the 
infected tissue, which remains firm; II, infected areas extensive, 
darkened, and becoming soft, but without collapse of tissue; 4, exten¬ 
sive wruter soaking and discoloration with (‘ollapse and disintegration 
of part or all of the infected tissue; plants dying previous to inspection 
w’ere rated in tliis class. 

A disease index calculated on the liasis of th(‘ above classes appeared 
to be. a mor(‘ accurati' indication «»f the (‘xtent of infection than the 
percentage of infected plants, since it afforded a means of indicating 
the relative severity in combination with tin* percentage of ])lants 
affected. The index was calculated by using the class figures as 
weighted values. To obtain the index the number of individuals 
in each class was multipli<Hl 1 \a the (dass number, tlie sum of the 
products of each class multiplied by 100, and this figure divided by 
4 times the total number of ])lants. Thus, when all the ])lants were 
healthy, the rating was 0, and when all plants sliowi'd severe infection, 
the rating was 100, whih* inleriiKMliate grades w(‘re n^presented by 
inlennediate index figun's. 

ENVIRONMENTAL STUDIES 

TEMPEKATXJKE IN RELATION TO (iUOWTlI OK THE KUNdUS 

Plates of potaio-<lextros(‘ agar ailjusted to a neutral reaction were 
inoculated in the cente** with 5-nim. disks from the ])erii)hery of an 
actively growing 4-day-oId Petri-dish culture of A phanomyces eutel- 
ches. Four replicates were placed at (‘a<*h of eight temp(»ralures 
ranging in 4® intervals from 8® to Ilti® C., inclusive*. Increnumts of 
radial growth were measured daily. 
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The results are shown graphically in figure 1. The greatest daily 
increase and total colony growth occurn'd at 28®. No giowth oc¬ 
curred at either extreme temperature. From the minimum to the 
optimum then* was a steady increase in rate of growth with increase 
in temperature. Above* 28® the growth rate dropped rapidly. Tin* 
straight-line trends in the graph indicate tliat growth was notretard(*d 
by the accumulation of staling or other metabolic pnxlucts of the 
fungus. 

REACTION OF MEDITTM IN REI^TION TO GROWTH OP THE FUNGUS 

The reaction aeries was set up by using various quantities of 
and of mono-, di-, and tri-sodium phosphate solutions, each witli 0.1 



cc. of concentraU*(] Il 2 S ()4 added, according to the method (h'scribed 
by Tilford (Iff). The* quantity of phos])hates for each pH 1< *vol was 
20 cc.; the lUDoiiut of each fraction wtis varied to jwoduce the desired 
|)JI level. Each 20-cc. pliosphate iui.\liire and u 20()-<‘c. quantity of 
potato-dextrose agar (1.7 percent agar) was sterilized separately 
and thoroiigidy mixed just hefon* iwuring the plates. One* plate df 
each pH level was melted, diluted with three parts of distilled waU'r, 
ami tho pH detennined with a glass cleclmdo. The plates were 
inoculati'd in the same manner as in the tempei-ature series. Incre¬ 
ments of gixiwth were im>asured daily and the curve of growth plotted 
after 4 days. 

The results are shown graphically in figure 2. The fungus exhibited 
a tolerance to a wide range of acidity, with the limits at about pH ;i.4 
and slightly above pH 8.0. A broad optimum range from about pH 
4.5 to 0.5 occurred, witli an apparent isoelectric point at ])H 5.9. 
The daily increment of growth at each pH value remaineil quite con- 
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slant, iiuycaiiiig no apparent drift in iho iTadion of tho medium or 
any interfenmce of staling or other metaholie products of the fungus. 

EFFE('T OF SOIL TEMPERATURE ON INFECTION 

The soil-tempera lure range at which root rot infection can occur 
has been found by Joiu^s and Dreclisler (9) to lie between 10° and 80° 
r., witli an optimum somewdiere between IT)® and 80°. FurthcT study 
of this important environmental factor was undertaken to determim* 
more* exactly tin* rate of disease development at diil’^Tont soil tem¬ 
peratures. Twenty-four soil-temperature cans were filled to within 
inches of the top with clean, sterile silica sand, and each can was 
equipp(Hl with a siphon for drainage purpos(^s. F'ifteen seeds wen* 



FioeaE 2. The elTecI of initial pH of iiotato-dextnwe agar nn gniwth of 
. 1 phanom tfCi « t ulvirhf s. 

|)ianted in each can and watered with a balanc(*d nutrient solution of 
one-t(‘ntb the salt concentration described in table 1. All cans were 
placed at a ti'inperatiire of approximately 24° in order to secun* 
uniform ])lant grow'tb. p]very 8 days these w^(*re drained and fresh 
nutrii'iit w^as added. Tw^o days befon* inoculation four cans w'ere 
pla(‘(*d in eacli of six soil-temperature tanks in wdiicb tin* t<'mpera- 
tures WM*re maintained at approximately 12°, 1(5°, 20°, 24°, 2S° and 
82°, so that the sand in each case did not vary more than l'^. The 
air temperature varied between 20° to 24°. 

Fourteen days after planting, each can was saturated with nutrient 
and 100 cc. of a zoospon* suspension were added. The cans were 
then partially drained in order t«) ilraw the imx'ulum around the roots, 
but sufficient moisture was left at the surface for infection to take 
place. Notes wen* taken in the manner describ(*d for the nutrient 
studies. 
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In the 24° and 28° tanks infection was visible 4 days after inocu¬ 
lation. The experiment was terminated 11 days awr inoculation 
when nearly all plants at tliese two lemp(»ratures were infected. The 
results (table 2) show a definite optimum for disease development 
at 24° and 28°. No infection was found on plants at 12°, while at 
H>° some* infection did occur. The rate of disease development at 
the various sand temperatures appeared to parallel quite closely the 
rate of jrrowth of the organism on agar. 


Taiilk 2 - Thv efffct of sand temperatun on Aphanomtfres root rot development as 
nhoipn hy Iht txUnt of disensc dfvelopment It days after inoculation 


l)is(>ase index at the temperature ("(* ) indicated 


12 ** 

0 


II)" 
12 I 


21" 
<M} 4 


2H" 
SI) 4 


32® 
i).*) f> 


KFFECT OP son. MOISTURE ON INFECTION 

Others (/5, .9, 10^ 20) have noted that root rot infection is moat severe 
when the soil moisture is high. Observations in Wisconsin during the 
past three years (19:i8, 19:^9, 1940) have indicated that the disease 
has been more severe in the seasons of abundant rainfall. 

For the purpose of obtaining more infonnation on the effect of soil 
moisture on root rot, an experiment employing two moisture levels 
was made. The soil was taken fnmi a naturally infected field near 
Gyman, Wis. It was mixed thoroughly and two portions were ad¬ 
justed to 45 and 75 percent of the>\ater-holdiug capacity, respectively. 
The saturation point of the soil was reached when the moisture content 
was 48 percent of its dry weight. To maintain a fairly constant mois¬ 
ture content, Wisconsin soil-temperature cans watered every third day 
were used. A 2-incli layer of ground cork was placed above tlie soil 
to reduce evaporation from the surface. Six replicates '>Aere included 
at each moisture level and the arrangement of the cans was random¬ 
ized. The cans were kept at 20° to 25° (\ after 15 seeds had been 
planted in each. Tlie ])iants were dug for inspection 80 days later. 


T\blk i3 The ijfict of high and low sod moistnn on Aphanontgetb loot tot inhclion 
as shown hy thi txtnd of dtstasi dfiulopmnd dO dags affir planting 

’(’’ails ki'jit at 20' 1o 25" C after had lieeii planted in eaclil 


Sod inoisturp 
111 pmvntafie 
of water hol<l 
mil eaimi it\ 


renentuRe 
of plants 
infec'tefl 


I 


1 )isease 
index 


Cl M 4 

7.5 I 72 0 


0 7 
52 7 


' 711 plniits Ml I) replieutes 
S2 plants ri I lepluntes 


The results are shou ii in table 8. A statistical analysis of the results 
was not made because of the extreme difference in the amount of infec¬ 
tion betw’een the two series. Tt is evident from both the disease iiulex 
and the percentage of infected plants that the higher moisture marked- 
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ly favored disease development. At 45-pereeiit water-holding capac¬ 
ity, there was a very small amount of infecUon, indicating that this 
moisture content of the soil is approximately the minimum at which 
infection can take place in this soil. This 'is somewhat higher than 
the results of Haenseler (5), who found that the minimum for infection 
occurred at about JU) percent of the water-holding capacity of the soil 
he lised, when inoculated by means of a zoospore suspension. Although 
not determined experimentally, a somewliat higher moisture level than 
45 percent of the water-holding capacity could undoubtedly have been 
maintained in soil used in the present investigation without severe 
infection. 

NUTRITIONAL STUDIES 

Although the beneficial action of fertilizers in reducing root rot has 
been demonstrated in infected soil, the nature of this action has not 
been explained, (^arpenter (2) and I^eBeau (8) showed that higli 
nitrogen increased the root rot of sugarcane caused by Pi/thivm spp., 
and tliat adequate phosphorus decreaseil it. Vanterpool (/7, 18) 
demonstrated that the browning root rot of wheat occurred in phos¬ 
phorus-deficient soil and that applications of phosphorus reduced its 
severity. Broadfool and Tyner (f), studying the Jhlminihonporium 
root rot of wlieat under controlled conditions, observed that any treat¬ 
ment which resulted in the pniduction of undeniourished plants 
favored disease development. The work of these investigatois indi¬ 
cia tes that imbalanced nutrition predisposes sugarcane and wheat to 
tlie causal organisms concenied. Workers at the New Jersey Experi¬ 
ment Station (//, Rpt, 5?) in field studies over a period of several 
years foimd that increase in yield of peas on nwit-rot-infestcd soil was 
almost directly proportional to the amount of fertilizer applied even 
when the rate'was as liigh as 2,400 pounds per acre. This wras inter¬ 
preted as indicating that the control of root nit was a contributing 
factor to higher yield in aildition to the direct eflect of nutrients on 
plant growth, especially at the high fertilizer levels. Because a more 
adequate explanation 'of the relation of host nutrition to root rot 
development in peas was desirable, further investigation of this 
(jiiestion was undertaken. 

UEIJVTION OF SOIL FERTILITY TO I)ISE\SK DKVEUIFMKNT 

In order to obtain a further check on the effect of nitixigenous ferti¬ 
lizers, a field test was made in 1940. A 1-acre area was chosen in the 
field just mentioned in which root rot had caused a complete crop 
failure the pre\dous year. Each plot was 24 by 100 feet in dimension, 
ea<‘h treatment was'made on three replicates arranged in randomized 
order The treatnu'iits consisteil of an unfertilized check, 2 12-0 
fertilizer at the rates of 333, 534, 700. and 1,1 OS pounds per acre, 
respectively, and 0 12 0 at the rate of 1,094 pounds per acre. The 
2 12 0 fertilizer was a commercial preparation, and the 0 12 (> mix¬ 
ture was compounded from Tenness<*e Valley Authority superphos¬ 
phate and commercial 5()-j)ercent KjO. The fertilizers were a])Dhed 
broadcast on re<‘ently prepared soil ami harrowed m promptly about 
2 weeks before planting. Profusion variety was planted on May « by 
means of a seed drill. Throughout the season rams were frequent 
and the soil was thus kept at a high moisture content, a condition 
which favored root rot devcdopnient. 
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()n June 12 raadom samples, cacli oontoining from 40 to 50 plante, 
were dug from each plot and rated on the same scale as was used in 
the sand-nutrient series. Twelve days later, on June 24, a second 
sample, and on Jidy 9 a thinl sample of plants was du^ and rated. 
The results of the first two inspections were analyzed statistically and 
are given in table 4. 

Tablk 4 . Effect of Jcrtiliztr ireatnienift on naturally infested soil in the field on tht 
development of Aphanomyces root rot on Profusion peas sown on Klny 


Fertilurr treiitiiwiit 


None 
2 12-fl 
2-12-fl 
2 12-« 

2 12 (1 
0 12 0 

Miniiniini siiKiiiflcHtil tlifTerpnco (ri'iHsm'nl puinl > 


kalBof 

Mean duspaso index 


— 

“ 

in poiiiuls 1 

Vi days after 

17 days after 

jier 

1 

plantiUK 

plant 1 Hit 


m 70 

07 m 

2:i:i 

43 m 

07 50 

m 

4A M 

»4 5.) 

7M) 

28 M) 

80 M 

K KM 

21 20 

81 30 

l.(KH 

4{i 57 

02 80 


20 77 

1 5 82 


Tlio rosulls III .‘if) (lays show dourly thiil disoiiso (l('volo])ii)oul in 
tho iinfortiliTK^I diook was si 4 i:niiioiintly giTiilor Hum tliat which 
oci'UiToil whoa 2 12 6 fiTtilizor was a])pliod al the rales of 700 and 
1,108 pounds per aero. At the lowu^r raters of 2 12 0 and al the 1,094- 
pound application of 0 12 0 there was a little less disease than in 
the unfertilized plots, but tin* dilference w^as not significant. A com¬ 
parison of the 0 12-0 fertilizer application with the correspoiidinjj: 
2 12 0 treatiiKUit shows a significant dilference in favor of tin* nitrojjjen- 
bearinjj: fertilizer. At 47 days the root rot had increased inarLedly 
and the <lecrease in disease at the 700- and l,10S-])ouiul treatments 
with 2 12 0 W’lis barely piMveptible. Al the time of the third field 
inspection all plots were completely and sevc*rely infected, although 
even at that time the plants in the plots recei\in" 1,10S pounds of 
2* 12 0 fertilizer were visibly taller and p'eener than those* m the* other 
plots. The cro]) Avas so poor in all ])lots, hown»ve'r, that yields were* 
not taken. Although from the standpoint of commercial control the 
results were disapiiointin^;, the trend was nevertheless in ^nn'ral agree¬ 
ment with those pr(»viously observed (S, 5, //, U, IS, III, MI). 

DILUTE NUTRIENT-SOLUTION EXPERIMENTS 

In the first series of sand-culture experiments the pn*\ ioiisly di*- 
scribed solutions were applied at one-tenth the basic concentration. 
In addition to the solutions lacking N, P, and K, a solution lacking S 
wras also employed. Although the nutrient solutions used w'ere c|uit** 
dilute, it W'as hoped that the degree of variation in the balance b(*- 
twTcn the major elem(*nts would show’' whether the incidence of root 
rot was influenced by tin* nutrition of the host plant. 

Four pots were used for <*ach nutrient. Two weeks after planting 
all were inoculated with a zoospore suspension of Aphanomyces (u- 
teiches of an undeterinini*d sj)ore concentration. At tin* end of the 
fii’st experiment tin* series w'as repeated. Inoculation this time was 
made 3 weeks aft<*r planting. In both experiments, above-ground 
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symptoms appeaml \^ithin 7 days and all jdaiits w(»n‘ dead within 
H days aftor inoculation. Regardless of the nutrient employed, 
infection was ecpially rapid and severe. 

Pons were apun ])lanled in the pots used in the second exi)eriment 
without sterilizing and washing the sand. In this case tlie inoculum 
was lai'jjely in the form of oospores in the numerous fine roots left in 
the saiul wlum the ])r(‘vious crop of infected peas was n^inoved, ratiier 
than the introd\n*ed zoospores wiiich broujrhl about the initial hi- 
fection. The seedlings emerged normally, hut infc'etion was visible 
5 days after emergence. All plants W'ere dead within 12 days. Again 
no effect of nutrient variation w'as disceniihle. 

On the assumption that the form of nitrogen iuight hav(‘ an inlluencc 
on the disease, one (experiment W'as set up to determine th(e effc'ct of 
NH4 ions as compaivd with NO^ ions. The NOs solutions was the 
saiiK* as the normal solution usied in the experinnents d(‘scrihed 
above. In tin* Nlli solution the (^UNOa)^ and KNO* W(*re rephu^d 
by (^a('lj ami K(1, r(‘sp(»ctively, and an (‘(pial numb(»r of nitrogen 
atoms was added in the form of NII1CI. The |)ots w'j're inoculatied 2 
w’eeks after fdantiiLg. I)is(»aa(e d('V(‘lopjni‘nt and sev(*ritv were (equal in 
both nitrate and ammonium solutions, indicating thai at the nutriient 
conecentrations us(ed, neitlner form of nitrog(en had any etleet on 
dis(ease dev(elo|)m(ent. 

From the fonegoing e\p(erim('nts, it was evident that with the nutri- 
(ent concc'ntration em[)loy(‘(I, the (h'velopnient and s(evierity of the 
dis(easc W('re indep(en(l(ent of the nutrient-ion balance, or of the two 
types of nitrogen ions. 

KKIATION OF 1N(MIK\SK1) NUTIUFNT ('()N(’KNTHM'I()N \Nl) ION »\LANC’K TO HOOT 

KOT lNFK('TION 


With the failure of the l()\\-conc(enlration (e\p(erim(‘nls to show any 
iiillu(enc(e on root rot, it bi'came obvious that tine fertilizer action was 
(lep('n(l(ent upon factoi*s other than nutri(ent-ion halanc(e alone. Since 
lh(e pn'vioiis (e\perim(ents had b(‘en madi' at a v(ery low con(*(entration 
of nutrients, it s(eem(e(l a(hisable to det(ermin(e whether dilferencies n*- 
sulting from \ari(*(l nutrient-ion balance might not occur at higlner 
conc(entraturns. In order first to ohseiA c the (dlVct of inen^ased nutri- 
(Mil conc(Mit rat ions, only the complete nutrient solution was used. 

In the pn'\ ions (*xp(Tim(‘nts the basic solutions (table 1) ww(Mlilut(‘d 
to oiuMenth comuuitration. The conc(‘ntrat ions luurafter an; irfernMl 
to as multiples of the basic solution. Thus, the dilute solution nuMi- 
tloiu^l abov(» is designated as 0.1 II, tin* basic as III, doubh* (’oncentia- 
tion as 211, etc. The arrang('m('nt of the sand cultuivs was the same 
as in the pnwious experiments. The inoculation t(H*hni(|ue us(»d has 
aln^adv b('(‘n d(‘scribed, and m the following (‘XiMuinuMits the concen¬ 
tration of tin* inoculum w'as standardizes! at 7,500 to zoos])()r('s 

])(M* c('ntimeter of inoculum. One pot in ('ach grou]) of four was Ml 

uninoculated. , .... *• 

In thi‘ lirst c^xpiuinumt nomial nutimnl solution at concem rat ions 
of 0.1 H, 1II. 211, and Ml wove us(‘d. Thus, the high(;st concentration 
was 30 tinu's as strong as the nut vM\i us(k 1 in the pivvioiis sand-culture 
exi)erimenls. As soon as inh'ction appeared it became evumnl that 
at the higlu'st nutrient conc(Mitration there was a distinct (b'civase* in 
amount of disease as cornpaivd with that in the 0.111 nutrii'iit eon- 
(Tutration (tig. 3). The plants ^^ovc dug for mspi'ction when all the 
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I II. I 111 J I’la |>1hii1s Is (la\s altc'i iihh illation with {phartotntfa s mUidu 
1 , Plants aniuii in a hiah conuMitiation ot niitiKMit solution ( 811 ) plants 
aiimii 111 a Itm cointiitiatiou of iiutiicMit solution (OlH) ''1 110 plants in li 
ai<* all soNoroU disoasod and most ha\o u 1 road\ died of those in onl\ one 
shoA^ed Hn\ aho\e-Diomid sii'iis of disease at the time of the photoKra])li 
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plantK in tJu* O.lH nutrient showed abovc-j^rouiid disease symptoms. 
The results (fig. 4, experiment 1) show a striking decrease in the 
amount and severity of root rot infection at the higher nutrient 
concentrations. The decrease' in the severity a])peared in direct 
j)ro]>ortion to the' concentration of the nutrient. 

In order to verify the findings in the above experiment, another 
series was run. Again the same relation betwecii he severity of 
disease and tin* concentration of nutrients r(*sulted (fig. 4, experiment 
2). Since the 311 solution dhl not completely control the disease, 
howev(*r, still another experiment w^as nunh' in which tin* concc*n- 
trations O.lH, IH, 211, 311. 4II, and AH were used. The same 



Kk.iikk I. Tilt* irlation of salt roiicoiitralioii t«) osmotic* prc'ssiin* of the* mitiiciit 
and to tlio dc'v c'lopiiicMit ol AphnnnnttfCt s root lot of ])('a. in']m*sc*iitati\(* 
j)lants Iroiii oxpcriincnt 3 an* shown in finnrc* .■>. Kxplanation of niitncMil- 
soliitioii ronccMitration s.miiIioIs will be* found in tin* text 


relative decrease in disease with increased conc(*ntration occurred. 
At the two higher concentrations, 411 and All, no infection \vhatsoevc*r 
could be found (fig. 4, experiment 3; fig. A). In this (*x])erinn*nt the 
infection was not so s(*verc in any of the nutrients, although the* 
experiment was allowed to run about 10 days long<*r than tin* limt 
two. For this rc*ason the possibility remains that a small aiiiount of 
infection might take place* at the 4*11 and AH concentrations. How¬ 
ever, from tin* results of this experiment and the gein*ral relation found 
betw'c'cn coiicentration and infection in all thn*e experiments, it is 
highly probable that the zero point for inf(*ction, under the conditions 
of these experiments, would be found at a concentration b<*tween 3H 
and Air. 
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The marked reduction in the amount and severity of root rot 
witfi mcrc'tise in eoneentration of the solution a^juin raised the qu(*stion 
of tlie relation of the nutrient elements to the disease Althouf]:h the 
relaliv(‘ pioportions of all elements in the normal solution were the 



PiMTKh T) The relatioir of sail eoiieenlration of the initiieiit solution to thi 
deNelopinenI of \f)hiimmycfs loot lot of peas j?io\mi m siliia-saiid eulliin* 
See experiment d m fiKUie I PhotoKraplied 27 (la\s aftei inoculation 
Ihe eoiieentiations used y^orv as tolUms t. 0 111 li, 111 f, 2JJ J), dll 
hf 111 r, 1)1] (sec* luither explanation in the text) Plants in *1 aie se\(»iel\ 
diseased iiianv hlmiiis loots have heeii killed and eortieal deeav of the iipiier 
tapnnil and the lower stem is ev ideid In Ji loof deeav is moderate and theie 
IS eonsideTahle eorfical deeav in tJie stems In ( deeav m the root and stem 
IS slight In 1) there is \er\ slight i«M»t and stem discoloration In E and F 
no signs of disease wire found 
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saiiio, tho posHibility that oiio of tho major <*l(‘inonts was thi' offoctiva 
a^arit still existed. In ordar to datmniiio whalhor this was tlia case, 
ouch of tho throe* olomoiits N, P, aiul K \ivas variod in tho saiiio pro¬ 
portions as in tho oxporiinonts in whirl) tho low ronrontration was nsod. 
This was dono at oarh of tho throo ronrontration lovols IH, 2II, and 
ItH. With thisranp:(* any effort of a sin^^lo olonx'nt sliould 1)0 dotortod 
readily. With tho exception of tho exporim(»nt with varyinfx nitrofjjon 
at tho III level, a 0.1 II rhork was run w’ilh oarh o.xperiinont for 
l)urposos of roinparison. Tho losulls are shown in table* 5. 

T\ble 5. Th( tjfftct ol vaunt foofwtIioNs of niliogni, polnfoonm^ ami phosphorus 
at (Jifftnnt nahunt conn at tat ton Uv*ls on tin dnuloptm nf of Xphanotnyces toot 
tot of pta^ as tndicaini by iht distast indtx 
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Si>e fe\( fill evphiTintion (if s^mhols indiciif iiip mitt lent•soliiium (uiu’entititinii 

On the basis e)f tho pre\iously disrusse»el li(»ld (‘xporiments niaele by 
either inve*stipitors, anel tho eino inaelo by tho autl)e)i*s, it wa« e\\pe»rle»el 
that tho (jiiantily eif nilreijjen in tho nutrient would have e'einsielorablo 
influenro on tho severity e»f the reieit rot. Tho reNults eif th<*so <*xperi- 
nuuits indirato clearly that tho variations in tho ainenint of nitrogen 
use*d, freini none tei lo perreMit more than in the neirmal solution, had 
little or ne) effes't on tho dejrree of infes*tion at any e)f tho thiw nutrient 
ronrontrations. At e*arh reinr(»ntration U*\el, nitro}>:e'n-defirionrv 
symptoms were rle'arly visible in the serie's lae'kiiifi: nitreijron before tho 
exporimoiits were terminate'd, eliminating the peissible influence e)l 
nitrogen rarrieel m tho see*d. Sine*o the disease (le\e*lopmont was sei 
rapiel in the leiwer niitruMit lovi'ls, there se*ems to be no ivason to be*liove 
tliat the food stoivel in tho se'e»el had any ('ffert on tho re*sults of any 
(»\perimont. 

Altliouji:!) tho liedel e»xperinie'nts have shown \orv little reelurtiem in 
re)ol-re)t damage by the potassium anel phospheirus peirtions of the 
fertilizers, lhe*se twe) (*le'monts won' te*steel in sand culture at the sajiie* 
nutrient e*one*t»ntratie)ns as the nitroj»on portion. The results faile'el 
to show any influenro eif hijjh or low amounts e)f either ede'inent as 
(‘oiiiparesi wdth tho normal solutieui em tho amenmt of elisc'aso at any 
of the tliroe nutrient concentrations (table r>). 

At the three nutrient le\e*Is useel in tho experimemts on elements in 
varieel firopeirtions the same j^oneral ele*rre‘ase in elisoaso oe*e*urr('el with 
inoreaseMi reinrent rat ions, as show^i in the* experiments inveilvinj? 
ine*rcas('el e*one*enfrations eif tho normal nutrient solution. However, 
it must lie kept in mind that at any ^ivcw nutrient concentration, tho 
total salt concentration of tho nutfionl solutions remained essentially 
constant, rofjardless of the lack or excess of any one element. It is 
evident, from the results of this set of experiments, that development 
of tho disease is not dependent upon an ade(|uate nutrient balance, 
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but that the reduction in disease is directly correlated with the 
increased coiu'entration of the nutrient salts in the root zone of the 

host plants. ^ ^ ^ i i 

White and Koss (21) in a study of the effect of fertilizer salts have 
found the nitrogen coin])onents of present-day fertilizers to be much 
more active in raising the salt concentration of the soil solution than 
equivalent amoiuits of salts of potassium and phosphorus. It seems 
probable, then, that the favorable action of the nitrogen-bearing 
fertilizers in reducing root rot in the field is due to the gi*eater activity 
of tlie nitrogen fractions of the fertilizer in increasing the salt concen¬ 
tration of the soil solution. 

In order to deteriniiie the osmotic pressure of the various nutrient 
concentrations used, tbo freezing point depression method was em¬ 
ployed. A Driicker-Burian microtherinomeler was usc*d, and with 
th€>ecjuation P 12.()()A ■ 0.021 A“, the osmotic pressure, P, in^ atmos¬ 
pheres was calculated.’* The values obtained are shown in figure 4. 
It is possible that those values could be used as a guide in soil experi¬ 
ments designed to determine the fertilizer requirements for field control 
of root rot. 


The results of the al)ove experiments substantiate the suggestion 
made by workers at the New' Jei'sey Agricultural Experiment Station 
(//, Rpt. »W) that the increased fertilizer concentration of the soil was 
responsible for redu<*ed diseaM' when fertilizers wrere applied. The 
observations made by Walker and Musbach {20) that less root rot 
develoi)ed when a complete fertilizer was placed with the seed than 
when it was placed away from the seed at the time of idantijig would 
seem to be explained by the fact that a greater fertilizer (‘oncentration 
is present at the zone of major root development when the fertilizer 
is placed with the se^ed. 


EFFECT OF IN('REASEI) NUTRIENT ('ONCENTRATION AFTER INCX’IILATION 

The inv(‘stigatoi*s at the New Jersey Station {IS, Rpi, "J); 11, 
RpU. 50, 57, 51); 1'f, Rpt. 5S) have found that fertilizers must be 
applied before infection has occurred in order to be effective in reducing 
root rot damage. An experiment was carried out to determine the 
effect on incidence of root rot of increasing the salt concentration 
from a low' to a high h'vel at definite intervals of time after inoculation. 
The purpose was to find the lengtli of time over which infection takes 
place undi'r ideal conditions in the sand culture, and to obseiwe whetlier 
the increasc'd concentration of nutrients would decrease disease 
development after infection had taken place. Eight i*ows of four pots 
each were started with a normal solution at the O.III concentration 
and one rowr at the 311 concimtration. Two w'eeks after planting, 
three pots in (»ach row were inoculated while tlu^ fourth was left 
uninociilated. One row of the. O.lII concentration and the one at 
the 311 (‘oncentration were continued throughout the experiment. 
Plants in a second row of O.IH concentration were removed periixli- 
cally to determine jirogress of the disease. Of the other six rows, the 
first was (dianged to 311 1 da> after inoculation, the second after 
2 days, etc. Wh«*n the 311 solution was applied, all pots in the row 
weiH^ fluslmd with this solution in order to bring the concentration of 

» This e lutition is from Uoitiier (;, /)/> ip iW) A- /\'-()(»25A'r, Tnhen A the in ® (' 

Iwtwrmn thefroc/iiifi poiiil of th«* solution <in(l that of puii> water, ^hilo (.'reivesents the dilTerence in ^ ( 
between the freezing point and the ^Mnnt of iinderc^mhiig at vvhich erv*«talli/iition oirur^i. 
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the nutrient in the nots to the high level iinnuMlietely. The results 
are shown graphieally in figure 6. 

Daily inspeetion of ihc» mots of plants in the 0.1 II solution dis- 
elosed no visible signs of inh'ction until 4 days after inoculation. 
Ilowever, delay of the rise in nutrient eoneentration for 2 days after 
inoeulation resulted in a marked increase in infection, wliile delay 
until the fourth day resulted in little reduction in disease. Tlius the. 
shift in concentration of nutrient to a level that would othcn\'ise 
prevent severe disease* d(*velopim‘nt was of no avail if made after 
inf(‘ction had occuiTcd. The r(‘sults of this (*-\periHi<»nt are in jigree- 
nient with the field observations at the Nc‘w J(*rs(*y Station, in which 



PERIOD AFTER INOCULATION BEFORE 
CHANGING FROM O.IH TO 3H (DAYS) 


Fidriih I). The {le^el^^])Illen1 of root rot liii terms t)f disease index) in phiiils 
Srown at hi^h (!Ull and low (0.111) eoneent rut ions of nutrient solution, com- 
imreci with those started at 0.111 and shifted to SH at \arious inlervals after 
inoeulution. Noli* the stead.x inen*Hse in the disease index as tlu* interval 
lietween the inoculation and the shift to the luKh-eoneentration nutrient was 
incr(‘ased. 


the beneficial effects of fertilizer did not prevail if the fertilizr*r was 
applied after infection had taken place (/.'f, Rpf. 

EFFEC’T OF NUTRIENT (T)N<’KNTUATION ON (JRliWTlI OF THE FlINdUS 

The direct inhibiting effect of high salt concentrations of the nutri¬ 
ent solution on the growth of the organism would s(*em to be a possible 
explanation for di'crc'ased severity of tin* root rot dis(*ase. In ordiT to 
determiiK* the effect of tin* nutrient concentration on tin* growtli of 
the fungus, agar plates of the nonnal solutions at the 0.1 H, IH, 2U, 
4H, and r)H levels were ])Oured and inoculated with the fungus. 
Th(‘ agar was prepared by making up the nutriiuit at double strength 
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and oonibininj|: witli an rqual volume of 4 percent agar. The iugn'di- 
ents were stenliz(»d sepwatc'ly and mixed just prior to the pouring of 
plates. At the higher eoneentrntions 3 to 4 drops of M/1 NaOH per 
200 ec. of agar solution were added wluui necessary to bring the re¬ 
action to pH f).0 or 0.2. The separate sterilization bf agar and nutri- 
c‘nt solutions w»is found necessary when previous attcunpts to stc'rilize 
them after mixing had resulted in a strongly acid reaction in the niorc^ 
concentrated nutrients. 

The plates were inoculated in the center by 2-nun. disks of agar 
taken from the i)eriphc‘ry of a vigoi*ously growing 4-day-old culture of 
Aphanomyves nit&ichrx. Six plates were used at each nutrient con¬ 
centration. Daily measurements of radial growth were made. 
IJecause of the absence of all oi*ganic and other nutrient materials, 
except for that occumng in the agar, growth was slow and sparse. 
Nevertheless, growth did occur at the higlier nutrient concentrations 
at approximately tlie same rate as in the lower, except at the 511 level 
at which slightly reduced growth was observed. From these results 
it is a])parent that the growth of the organism is Tint inhibited at the 
nutrient concentrations at which no infection occurred in the .sand 
cultures. 

(icach (S) made a brief study of the growth of Aphanomycca (utf iclon 
in cultures containing various nitrogen compounds. He found 
growth of the organism to be retarded on pea-decoction agar contain¬ 
ing any one of the following compounds: 0.5 ])ercent urea, 1.1 percent 
NH 4 N(),^, and 1.4 percent NaNOa. On Shear’s corn-meal agar con¬ 
taining 2.S percent NaNO., no growth occurred. The apparent con¬ 
tradiction between these results and those of the authors is readily 
explained when the total salt concentrations of the sand-culture 
nutrient solutions and the agar cultures employed by Oeach are 
noted. The osmotic values for the different concentrations of nutrient 
solutions are shown in figure 4. The calculated osmotic* values for the 
1.4 percent NaNOg in the pea-decoction agar usc‘(l by (Jc'acli is approxi¬ 
mately ().S atmos])heres. This is roughly twice the osmotic value of 
the 5II solution employed in the sand-culture studies, and far in excess 
of that at which disease (*ontrol w^^as obtained. Kvidently the sail 
concentration of the 2.S percent NnNO,, was siiHiciently high to pre¬ 
vent growth of the organism. From the previously discussed nutrient 
studies, it has been shown that the presence or absence of nitrogen 
has no c'ffecl on the severity of root rot. Thus the inhibitory action 
of nitrogiMi in some fonn, as implied by the work of (Ic'acdi, cannot be 
considered as the true cause for the contnd of pea root rot. 

DISCUSSION 

Tl\c x\pli(inomjfVis root rot of pern is a widi'spnmd and often destruc- 
tiv'^e disc'asc* of this crop. Tp to the prescMit time, the environmcMilal 
redations and clLsc'asc* control sludic's have been confim^d, for the most 
part, to field observations and c'xperimcuits. Disease* development 
is favoivd by high soil moisture, and occurs within a tem|)('rature range 
of about 10° \o 30° C Studies on the control of this dis(*asc*, made 
largc*l> by Haenseler at tin* N(*w Ji'rsc'V Agricultural ]Oxpc*riment 
Station and (*onlirmed by other inv'estigatoi*s, have showm that 
applicant ions of coiiiplc*te fertilizc*rs to infested soil tcunl to reduce 
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n)ol Jol. It has lii't'n sugf'i'sted that the uilro{;(‘ii fraction in the forti- 
hzci- IS the most important one in tlie ro(lucti(/a of disease. 

The TOOt lilt oii'anism in iKitato-dexti’ose-auar <‘nltnre gixiws at 
lemperaturos fixim 12° to 32°, iuehisiie, iiith an optimum at 28°, 
whue the disease develops in plants j'lxuvn in iuoculatiHi .sand main- 
lamed at eonstant temperatures fnnn 10° to 82° with an optimum 
at 24° and 28° (\ No infoction ^as foniid at 12°, allhoii^li Jones and 
Dreclisler (i)) with experiments in soil, involving a longer period of 
time, found a small amount of infection at 10°. The rale of disease 
development in sand and the rale of gi*oi\th of tlie organism on agar 
a])proximate each other (piiU} closely at the vnVious teniperalun's 
used. 

In naturally infected soil practically no root n>t occurred when tin* 
moisture was maintained at 45 percent of the water-holding capacity 
of the soil, i\hile at 75 percent of the water-holding capacity 72 percent 
of the plants w’ere infected. The soil-moistun» relationship found hero 
is in agrecuneiit with the observations of other invi^stigators. Since 
the experiment was not terminated until a month after planting, it 
would a])pear jirohahle, under certain field conditions, that a single 
or an occasional heavy rain would not result in complete root rot 
infection, hut rather that a prolonged condition of high soil moisture 
is required to proiluce this condition. This, of coursi», could happen 
in poorly drained fields, or under conditions of frequent heavy rainfall, 
as was tin* case in Wisconsin in 1940 wIkmi ix)Ot-rot datnage was 
widespn^ad. This is further supported hy tlie results of tlie 1940 
fertilizer trial, for, on Jum* 12, 25 days after )>lanting, 27.8 pcTcent of 
the plants in the unfertilized check plots whtc still free from root rot, 
although rainfall had been ahundaiit. On June 24, after a 12‘day 
perio<l of almost continuous rainfall, all plains ww‘ infected, hut O.’s 
p(»rcent w(M*e still classed as slightly diseased. 

During 1940 the fertiliz<»r trial, mentioned ahove, was made on a 
fi(‘ld known to he heavily infested with the root rot organism. Appli¬ 
cations of 2 12 (i fiM'tilizer W'ere made at various rates up to 1,108 
pounds p(‘r acre. One treatment of 0 12 0 at 1,094 pounds p«»r acre 
was also included. The two highest ap[)lications of 2 12 (i (7()0 and 
1,108 pounds per acre) resulted in significantly less disease than in 
the unfertilized plots. Lesser rat<»s of 2-12-(i and the l,091-]K)und 
rate of 0 12 (i wiuv ineflective in decn^asiiig root rot damag(^ Since 
the phosphorus and potash content, of the two tn^atments (2 12 (i at 
1,108 pounds, and 0 12 0 at 1,094 ])ounds) were the same, it is evulent 
that these two coiii])onents are lessaetnein rei hieing root rot infection 
than is tlu^ nitrogen fraction. The rainfall during this season was 
(‘\tremely heavy; had there hecui l(‘ss rain, it is j'lohahle that tin* degree^ 
of control would have heiMi greater in the plots receiving nitrogen in 
the ha-tilizer. 

When the nutrient solution wos useil in continuous-flow sand- 
culture cx]M‘rimenls at. the concentration descrdxsl hy Hoagland and 
Snyiler (?), and in concentrations u]) to five tini(*s tliat described, 
inflection and disease severity decreased in direct ])roportion to the 
increase in the concentration of the nutrient solution. When severi‘ 
infection occurred in the oiue-tcnth ililution. only a small amount 
occurn»d at tlireie times the laisic concentration, and none* wliatsoever 


aiS7l2 41 



18 


Journal of Agricultural Rcnrarch 


Vol fi{, No 1 


occurred when Uic nutric'iit concentration was raised to four and five* 
times the basic concentration. 

At the basic concentration and at two and three times that coji- 
centration, solutions each having!: N, P, and K in excess, and lacking 
each of these elements were tested. Tin* total salt concentration 
was maintained constant at each concentration level. The same* 
relation as previously described was obseived. The disease <lecreased 
as the total salt concentration of the nutric»nt solution increased; the* 
favorable or unfavorable balance* of any of the* three essential eleme'iits 
in the nutrient solution in no way meKlifit*el the* elisease iTsponse. 

This apparent disagreement with the* results e)f the fertilizer inye^s- 
tigatiems appe'urs to be e*\plained when the e*fre'cts e)f the various 
fe*rtilize*r fractions on the ceuH‘e*ntiation e)f the* soil solutiem are inv(*sti- 
gated. White and Koss W/), as a r(*sult of the*ir stuely of the effe*cts 
e)f fe'rtilize'rs on the salt content of the seul solution, have fe)un(l tJuit 
the nitroge*n cemipounels NaNOi, (NH 4 )iS 04 , and N1T4N()^ incivase 
the salt conce'utration of the soil solution much more than corresi)onel- 
iug cpiantities of the potassium and ])hos])horus salts now use*d in 
comjiK'rcial fertilize*rs. If this is the case, the gre*atc*r el(*gree e)f con¬ 
trol obtained wuth nitrogenous as com])are*el with nonnitroge*nous 
fertilizers could i)robnbly be attribute*d eUre*ctly to the greater incivase* 
in the salt concentration of the soil solutiein by the nitroge*n fractions 
of the fertilizers than by the potassium and phos])hate fractions. 
The possible detrimental elfe'ct of nitre>ge*n alone* on the* organism is 
rule*d out for the reason that the dise'ase fle*vele)pme*nt wvs e*(|ually 
inhibit(*d in nutrie'nt solutions of high salt (‘oncentration whetiu*r 
nitroge*n was pre'ae*nt in excess or lacking (*ntirely. 

Under favorable conditiems for infection in tlie sand culture, all 
plants may become inf('cte*(l w'ithin 5 elays after ineiculation. After 
infection has occunvel, and be»fore anv but the* slighte*st macrose*e'])ic 

ra )loms are visible, changing the* seiliitiem concentration from a le>w 
to one sullicie*ntly high tei large»ly inhibit infe'clion, if deme at 
the outset, does not de*lay the de*ve*topnie*nt e>f the dise'ase within the 
host plant. Feir this re*ason it weuilel ai)pe*ar that the actiem e)f the 
high concentratiem of the nutrient salts is that eif pivve»nting infection, 
eithe»r by elirevt actiem eif seune kinel on the* organism, eir by re*nel(*ring 
the host more resistant. In tlie latte*r case* the* iiromotiem e>f heist 
re*sistancc is much h'ss pronounce'd afte*r infes’tiem has take*n idace*. 

On agar made fremi nutrie*nt seilutions ranging fremi eme'-tentli to 
five tiiue*s the basic cemcentratiem, the eirganism appe*aivd te) grow 
e'qually W(»ll. Only a slight de'pivssiem in greiwth rale* was note*d at 
the highe'st nutrient e'emcentratiem. The'ivfeire* it apiicars lik(*ly that 
Uio me'chanism by whie*h the reiot rot is pre*ve*nte*el wlie'n in the iires- 
ence of high salt cemce*ntrations is due tei semie either cause* than cein- 
centrations of nutrient salts inhibitory tei the* eirganism. 

A peissible exiilanatiein feir tlm lae*k‘of reieit reit at the liigh nutrient 
ce)nce*nt rat ions is to be feiunel in the work eif Nightingale anel Farn- 
ham (/5). In a stuely of the* e*ffe*ct eif the nutrient e*eince'ntration on 
the anatomy e)f the sweet pe*a (jMthyru^ w/ofains L.) the*y have feiunel 
the* roots of plants growing in elilute seilutions to be* higlily succuleuit 
and lacking in mechanical stre*ngth. The reiots of jilants greiwn in 
high nutrient concentrations, on the othe*r hand, wt*re ty])icallv wooely, 
me*chanically strong, anel elistinctly lacking in succulemce. A similar 
condition occurred in the ste*m tissue. Since the range in nutrient 
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concentration employed by them (0.5 to 8.0 atmospheres osmotic 
pressure) closely paralleled that used in the present investigations 
(0.12 to 8.5 atmospheres), it may possibly be, in the case of p(‘a root 
j'ot, that the host pl'ants acciuire a inoiphological rc'sistancc* as a 
direct result of the liigh concentration of the nutrient when grown in 
such solutions. 

SUMMARY 

Th(» investigations comprise^ a study of temperature, moislun*, and 
nutrition in relation to root rot {Aphanomycts evtrichfs Drechs.) of 
pi»aa. 

On potato dextrose' agar the most rapid radial expansion of the or¬ 
ganism oeeurr(*d at 28° (\ No growih (XTurred at (‘itlu'i* 8° or 8(5°. 
The o])timum t(*mperature for disease development on ])lants grown 
in sand was found at 24° and 28°. No infe(‘iion was noted at 12° 
during an 11-day period, while nearly all plants at the optiinuin 
teniperatun' wer<' severely alfeeted in that pej*iod. 

On phosphate-buUVred j)otato-dextrose agar, the pH limits for 
growth were about. pH 8.4 and slightly above pH 8 0. The oi)timuin, 
as measured by ra<iial ('xpansion of the organism, occurred between 
pH 4.5 uful (5.5. An apparent isoelectric ])oint appeared at pH 5.9. 

In infested soil, practically no infection occiirre<l wlien the moisture 
was maintained at 45 percent of the water-holding capacity. At 75 
pc'rcent of moisture-holding (*apacity, infection w^as cjuite severe. 

rnd(»r conditions of controlled nutrition in a <*onlinuoiis-ilow sand 
culture, in(»culate<l by jiieans of a zoospore suspension, the severity of 
disease dc'creased in direct ])ro])ortion to tlu' inen^ase in total salt 
concentration of tin* nutrient solution. No infection occurred at the 
higlu'st concentrations employed, whih' all plants w'crc severely 
disease<l at tlie low'cst <’oncenlration. Vaiying tiu' ratio of each of tlie 
«*lements, N, P, and K from comjilete absence to an excess of that in 
tin* balanced solution had n(» clfect on diseas<* d(*v(*lopm(*tit, wlietlu*!* in 
clilute or conc(‘jitrated nutrient solutions. 

\Vln*n conditions are favorable in the sand cullun*, all plants may 
b(*come infectc*d witliin 5 days. Once infection takes ])lacc, higli 
nutib'iit concentrations do noi appear to inhibit the developnu'nt of 
the disease. 

On agar cultures made from the nutrieid solutions employed in the 
sand culture, the organism grew rea<lily on tin* concentrations at 
which infection was prevented in th<* sand cultun*. 
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INHERITANCE OF A MELANINLIKE PIGMENT IN THE 
GLUMES AND CARYOPSES OF BARLEY ‘ 

Hy R. W. WooDWAiii) 

Annstant agrononint, Dimion of (Weal Crnpx and Ihsmyen, Uureau of Plant 
Induairify United tSlafen Department of Agriculture 

INTRODUCTION 

Alllioiigh bl«rk bnrloys are rarely ^rown eoiniiierei«ily in the 
United States, they have been used in liybridization for irmny years. 
Many valualde eharaeters, ineludiiig: sniootli awiis, have been trans¬ 
ferred from varieties >\ith black hulls and caryopses. A larp:e number 
of varieties and strains of black barley have been introduced or 
selected from crosses involvinjj: black and white color. The factor 
pair responsible for the production of black pigment in barley lias been 
studied by a number of workers, but no reference has been made to 
the various degrees of black coloration that e.xist. Tliis paper pre¬ 
sents the results of a study of the inheritance of the black or inelaiiin- 
like pigment that occum in various intensities in the glumes and 
caiyopses of barley (Ifordfum spp.) seed in some S,()()0 Fj jirogenies 
from more than 5(i crosses. 

RKVIEW OF LITERATURE 

The character black vs. white flowering glumes has been reported 
to be controlled by a single factor pair in several publications review¬ 
ing genetic studies in barley. Black has been considered completely 
dominant over wdiite, giving F^ ratios of II black to 1 white. Tscher- 
mak (/.^)‘, Bilfen (/), GrifTee (4), Hayes et al. (6*), Ubisch (/,^),Hor (7;, 
Robertson (10), Sigfussen (1J), Buckley W), and Kuckuck {!)) have 
all reported monogenetic ratios of black vs. white caryopses or glumes. 
Harlan (o) reported the black c«)lor to be the result of a melaninlike 
pigment found in the lemma, palet, and pericarp only, and the color 
in the aleurone to be due to anthocyanin pigments. A sjiecial study 
of color inheritance in barley and possible linkage relationships has 
been revieweil and discussed by Buckley He concluded that 

black pericarp is always associate<l with black lemma, that either the 
same gene is responsible for the coloring in both the lemma and tlie 
jiericarp or that very close linkage between two sejiarate genes must 
exist. No linkage was found between the genes <*ontrolling black vs. 
white glume and pericarp color and any of the anthocyanin factors. 
The genes for black and white color were r(‘ported by Buckley to be 
inherited independently wdien tested wuth long vs. short rachilla 
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hairs, hooded vs. awnod, and hulled vs. hiilleas. Gaiser (S) had pro- 
viouslv reported that black lemma was linked with the texture of awn, 
rncliilla hairs, color of cairopsis, one albino factor, and one factor for 
the resistance to llelminthoMporium. Hor (7) reported black lemma 
linked with texture of a>Mi and leii|?th of rachilla hairs. Buckley {£) 
found three linkage groups and iji addition suggested that the factor 
pairs black vs. white aial hulled vs. naked caryopsis represented two 
a(lditional linkage gnnips. More recent work by Robertson, Wiebe, 
aiul Imrner (//) indicates that the factor pair fdack vs. \ydnte is in 
linkage group No. 2 along with .il/a/,an albino factor found in Trebi I. 
Thev list a factor responsible for the production of a third outer glume 
in the same linkage group with black vs. wliite lemma. Ivanova {H) 
describes this third outer glume asa ne\^ (diaracter in barley. Seed of 
this particular barley has not been available to workers in the United 
States, so that the genes controlling black vs. white and At at are the 
only genes in linkage group No. 2 available to them. 

Sigfussen (l£) has pointed out that the black jngment does not 
express itself until just before* ripening, making it difficult to classify 
immature ])lants. 

No r<*ference A\as found in the literature to studies of crosses be*- 
tween colored pan*nts that differed in the intensity of black pigment 
in the lemma and cai'yo])sis. 

MATERIAL AND METHODS 

A Jiumber of varieties and strains containing anthocyanin and the 
melaninlike pigment we'n* used in this study.*"^ A few white-glum(*<l 
vari(»ti(»s thought by some workers to produce occasional dark typ(*s 
also T\e»re includ<*d in an obseu’vational nurs(*ry. The^se varieties ha\< 
l)e(‘n grown for jxTiods of 7 to 9 yearn. Head scdections also have 
been made frojii them, some of vvhicli apj)eared to show grealc*r coloi* 
variation than otheis. 

Aft«»r pn'liininary studies all of the varieties were arbitrarily classi¬ 
fied into fiv(» groups bas(»d on the intensity of tin* melaninlike pigment 
Tw'o of tin* varieties in (»ach grou]) breecling most uniformly for color 
intensity w'ere chosen for the genetic stu(li(‘s. Th(*s(* groups wen* 
designated as fl) d(»nse black, (2) black, (.S) m(*dium black, (4) gray, 
and (o) white. 

Although th(* climatic conditions were generally favorable for coloi 
classifieation, it was difficult in some crosses. Attempts were made to 
e.xtract tin* black pigment so that the extracts might be us(*d as a 
basis for classifyiiig color, but with no succ<*ss. 

Most of the more than 100 black-glunied varieties and strains were 
found to be relatively stable and uniform for color intensity. A few 
vari(»ties such as Rlackhull had previously b(»en n'ported to contain 
soine individuals with lighter colored glumes and caryopses than the* 
vari(»ty as a whole. In a study of a large nuinlxT of head I’ow’s of 
Blaekliull (C. I.* S7S), a light-colored type was isolated and found to 
bn‘ed true* This light-colored strain of Blaekliull ((\ I. S78) was 
Used as one of tin* pan*nt strains in the gray group. A number of the 
color variants found in the original Blae'khull varhdy were (l(*finitely 

' rruiii n V Hilt Ian iiniiLipal avioiuitiiisl. in cbariti ol barli \ in\(>st mat ions, l>i\ ision of (''oroal 

(.'ropsund Disi^asos, lUinMiii ot I’Wnt lridiislr\ 

' C” I rvfors to .icrossion nuiiilKr of tlio T>i\ision of fon'al Tiops and Oisi'iiscs 



July 1 .1941 Inheritance of a Melaninlike Pigment in Barley 23 

idoritifiod as niixtiiros or hybrid sogr(‘gat(‘s. A fow other varieties, 
including C. 1. 875 and .*^204, coritaiiH^d two or more color classes 
wliich, i\hen isolaled, liav(‘ continued to bre(‘d tru(‘ for dark and light 
glumes, n»s])ectiv(»ly/ Tlien' is no evidence from a 9-year study that 
any of the vari(»ti(‘s grown under Utah conditions have thrown mutants 
of either lighter or (lark(»r color intensity than was found in the original 
material after pure c*olor types were established. 

The varieties used in this study to rejiresjuit the five color-int(‘nsity 
groups an* shown in table 1, ami some of them are illustrat(*d in figure 
1. firoup 1, arbitrarily clashed as dense Idack, is cliaracterized l)y its 



Kj(.i 111 '. I Spikes ol illiislrating lour of tli(‘ fi\e (•(>l()i-intcnsit> Rnnips: 

<ln)Up I, <icns(‘ black (7^7^), >;i<>up li, iiicdnini black ^nuip 4, Rray 

(71"/^), and mnnp Ti, while [hh] 

extreme black pigini*n(ation in the llowering glumes, pericarp, and 
awns. Blackhiill ((\ 1. S7S) and Black xVlgerian ((\ J. 708) are 
repn*sentatj\e of Ihis group. (Ironp 2. clasm^l as black, app(*an*d to 
be sliglitly lighter in color intensity than group 1, lln* awns often 
showing a yellowish color. Bucher ((\ 1. 1401), Donjon ((\ 1. 1204), 
an unnamed >arjety ((\ 1. 11910 1), and Jet (i\ 1. 2222) an* listed as 
re])resentatiM‘ varielit*s in grou]) 2. (Jroiip 3, described as medium 
Idack, shows sliglilly h*ss pigirn'iitation than group 2, The laleral 
florets are gem‘rally liglit-eolored in the Iwo-rowed and inb*rmediate 
segn‘gates found in this group. C. I. 4S70 and 2970 are representa¬ 
tive varieti(*s. (Jroup 4 is b(*st described as grav in color and geii(*rally 
sliows sufficient contrast to the other groups to be easily identified. 
A light-(‘olored type isidated from Blackhull ((\ 1 878)‘and Dentil 
((\ 1. ]2()0) was chos(*n to represent this group. In group 5 are 
includ<»<l varhdies with white glumes and ])ericarp, of which C. 1, 
41154 and Blackhull 1178 f(\ 1. 5079) are repn*sentative. 
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AH combinations among 2 of tbo above varieties from eaeh of tb<> 
5 color classes wen* made. The total of 45 crosses involved combina¬ 
tions of ail f(>rtility classes such as lwo-n)wed, six-rowed, intermediuni, 
and deficiens, as ’weil as other chanicter differences. ()ther en)8ses 
jiiso wen* made for adililional information on tlie inheritance of black 
color. 

Txblj: 1. Voloi-inUnHiiif giovpt anti dc^rnptiont^ of tin vafielies sdtcttd to nprvMUt 

them 


I ViriPhil chtiiac t(>rs 


1 

(irmiinuirl | 

( I 
No 

(iliiiiu'iatui iieriLarji ^ 
color 

Aunrolor | 

Ieitilitx t>puof 1 
lateral florets | 

('irNop 

1 

. Oensrblack. 

aiackliull 

S7K , 

Dense bl Ilk i 

1 Hlmk 

1 >efic ions 

Hulled 

Hlfirk AlKprniii 
, niuck 

Jet 

7()S ' 

do , 

^ do 

\ iilgari 

Do 

J222 

nine k (lateral florets 

1 

Darktoliabt 
^ do , 

Intcuiiiediuni 

llulloss 

lliirlier 

I4(il 

mark 


1 \ iilKitre 

llullid 

UniiiiiiM'rl 

.l<Mn 1 ' 

Hrcmii to bl Ilk 

clo 

do 1 

1 lIiilleNS 

Donjon 

I2M 

mark 

do 

do 

Hulled 

Mediimi Mark 




1 

1 

( niiiiiiied 

4170 1 

1 Dilute black 

Oni> 

J)eflcie)is 

Do 

Do 

21)70 ' 

Dilute black (literals 
\ellrra) 

flo 

J)istirlioii 

Do 

, <}iu\ 






ai.irkliu11 (liLhl col 

87h 

<lra> 

< olorless ' 

^ Deficiens 

Do 

owl) . 1 1 

Dentil 

1200 

do 

' do 

Distu lion 

Do 

. N\ lute 






1 iiiuiiiied 

ICit 

W lute 

do 

\ ulaare 

Do 

nitu'kliull selection i 

;ifi7M 

do 

do 

Iiiterinediuin 

Do 

1I7K 

1 



1 




E\porion(*<‘ iiHlicBtod that observalious on tlio i)nmary spikos w<mv 
more reliable than those on spikes chosen at random and tliat all 
material should be thoroughly ripened before harvest in ord(»r ff> 
classify color density accurately. This latter fact also was pointed 
out by Sigfussen (12). 

All crosses were studied through the F, generation as a check on F^ 
classifications. Numerous doubtful types were continued m head 
rous for 2 or 3 years longer or until they could be identified more 
positively. Norinal color densities failed to de\elop in seasons of 
excessive moisture or cloudy weather. Such seasons sometimes 
necessitated the study of large "populations in the F 4 and Fr, general 1011 s 
in order to determine the breeding behavior of the Fj fdants. 

The material was s])ace-planted in rows S to 17 feel long. A large 
part of the material was studied in the field. 

EXPKRIMKNTAL RESULTS 

rOLOHEO \ WHITE 

Pigmented varieties representing the four color-intiuisity groups 
were crossed w'ith varieties having white or colorless glumes and 
pericarps. In each case Fo ratitw of 3 black to 1 wdiite resulted, as is 
showm in table 2 . This is in agreement with the ratios generally 
obtained by previous wwkers. No interjuediate color classes could 
be found, regardless of the intensity of the black parent used. 
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T\ble 2. F 2 segregatioiiH in rroHses hotwcen colored and white varicUea 
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It should l)t» iiotod lluit iho wliilo soj^ivpitos aro in oxross in all hut 
two of tin* crossos. In all crosses studied the deviation in favor of 
li^ht-<*olon‘d sc'jjrepites is still more ]>ronouneed, j^ivinjr dark to 
2 , 2 m lij!:ht, witli-a dt‘viation of lind-4(t. No satisfactory <‘\j)lanation 
has IxMMi fountl for this Ix'lunior. 

f’OLOIlKD " rOLOKRI) 

Tahiilated results of the sejijrepilions from eross(*s of eolortMl y 
colored are shown in lahh' 

DRNSR ni.A(’K DENSE BTi\(’K 

No iiidiealion of an> st'j^n'jjcation eould lie ol)S(>r\ed in the and 
lat(‘r p'lierations of crosses between ilenst* black and dtaise black 
\ arieti(*s. 

DENSE HL\('K \ lU.XCK 

Si\ crosses of dens(» black '/ black were studied, but classification 
was difTicult. Th(*se two color fjcroups diller so slightly m intensity of 
coloration, which e\|)n»ssi‘s itself larj^ely in the awns, lalt'ral florcds, 
and (‘ulins, that th(\v mav lx* included in om* ^rou)). 

DENSE BLA( K v' MEDIUM HLACK 

With fa\orabl(‘ seasonal conditions lhi»s(‘^repitim>:jren(»ralions from 
the cross of dense black X me<liuni black could lx* <*lassifjed A single- 
factor diflerence ex])lains the results olitained. Varii'ties or sf'^n'fjates 
of the six-rowed tyjx' consistently have a slij^htly lij^hler coloration 
than those of the non-six-rowed types. When the color classes of tin* 
pan^nts wen* similar, classification of the sejrrej^ales was more diflicult 
in the proji:eny from crosses invohin^ six-rowed by non-six-rowed 
>arieties than when both parents were of like fertility. 
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'1'abi.k 3.- F 2 fiegiegaiimtt in cro88e» between pigmented vartciieH represtniing tht 
differefii coloT^Uden8ity group8 
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DKNSE BLACK X GRAY 

(/fossos iuvolviiiji: dense blaek > ji^ray were exlreiiiely elear-eut m 
(heir sejjrepitiDU. A iiiDnofaetorial eDiulitioii was sugjicesled by all 
siieli crosses. 

BJ.A(’K ^ BLACK 

No indieatioii of sefjrejjation was observed in any of (lie four crosses 
s(udied involving? black X black. In (\ 1. 3(U() i, a liulless \arie(y, 
the iiericarp was more densely ctdored at full jiia(uri(y (ban (he j^linnes. 

BL\(’K y MEDIUM BL\('K 

Differences in the parents chosen for black and luedium black could 
be seen when conditions for color development WTre favorable, 
(fosses involving these (wv) groups, although indicatinjj segregation, 
did not permit clear-cut separation in (he Fo or later generatitms. 

BLVCK GR\Y 

Jflach of tin* si\ crosses sludie<l m<iicate<] a singh'-factor dilfertMice 
between the color intensities black and gray. In seasons when 
bleaching was abnormal i( was necessary to continue consideralde 
material into the ¥4 or generation in order to separate the classes. 
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July I, iMi lytheriiaJive oj a Melaynitlikf Pigment In Barley 
MEDIUM BLACK X MEDIUM BLACK 

N(> segregation was evident when two varieties of this eolor-inteiisity 
group wore erossed. * 

MEDIUM BLACK X GRAY 

(Vosses between varieties of the medium black and the gray classes 
yielded monofactorial segregations in the Fo generation. 

GRAY X GUAY 

A cross between C. I. 12(i0 X Blackhull (C. I:S78) (gray) showed 
no indication of segregation in later generations. 

DISCUSSION 

Although five color-intcmsity groups W(T(‘ described and studied, 
the problem w^ould have been simplihed if tin* group listed as fdack 
had been eliniinattMl or combined with denser black. (Jreat ditficulty 
was encountered in classifying the jilunts in crosses involving black 
X dense black or black X metliuni hhn'k. It appears that the black 
groiij) may differ slightly' from either of thes(» other dark-c'oional 
groups and that possibly still other color groups might b<‘ found by a 
|)ositiv(‘ method of determijiing color intensity. Tin* medium-black 
group appears to be distinguishable from the other groups but is not 
too w<dl establisluul as yet. 

Using only data from cross(‘s in which the s(»gregat(‘s could b(‘ classi- 
lied by inspection, the results delinit<»ly establish threc^ (*olor groups, 
the d(Mjse black (BB), gray {B*^B'^), and white* (hb). The factors 
responsibh* for tin* production of the melaninJike* pignumt a]>pear to 
represent an allelomorphic seri<*s, since only monofactorial ratios wer(‘ 
obtained from any combination showing color-intensity ditferenees. 
hi all crosses the dark(*r color class showed compl(*te dominance. 

Th(*se studies also suggest that certain olh(*r varieties might give* 
more* cl(*ar-cut re*sults in cross<‘s. 

The Dentil vari<*ly displaye**! a winter-grown habit in two seasons, 
which complica((*d the* studi(*s, but early se(*ding e'liminaled furtlH*r 
dilliculty in this lespecl. 

Buckley (J) concluded that bhu’k pericaip is always associated wdth 
black lemma and that eitlu*r the same gem* is responsible* lor the* 
coloring or e-leise* linkage* e*xisls. Mo se*gre*gat('s e*\hibiting re*e*e)mbina- 
tioiis’of glume* anel pe'ricar]) e*e)le»rs were* e)blaine‘el in the*se* e*.\pe*rime‘nts. 

ST’MMARY 

Ne» mutation eu* n(‘W eilf-color type* was obse*rv(*el eluring a stiiely e»f 
nieire* than 100 varie*tie*s anel strains of barle*y, although in semie vari- 
e*tie*s indivieliial ])lants segre*gated for two color e*tasse*s. 

Barle*y varietie*s we*re groiipe'd into fi\e e'oleir classe's, base*el uj)e)n the* 
intc*nsity of the black me*laninlike* j)igme*nl in the glume* and pe*ricarp. 
The.si* groups w'ere (1) ele*nse* black, (2) blae*k, (0) me*dium black, (4) 
gray, and (T)) white. More* than 50 creisse*s in\e)lving all group e*om- 
binations wwe made and studied in the* se*gre*gating ge*ne*ralions. 
Eliminating group 2 (black), all crosse*s among (lie* re*maining fe»ur 
grouj)s yieldenl me»nofae*torial segre*gations in the Fj ge*n( iation. More* 
refinenl classification might establish one or niewe adelitional ce)Ie)r 
intensities. 
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TIh* inwliujn-l)lflrk { 2 :roup appeared to be distinct from the others, 
but its relationship could not be established. 

TJie data su^^fjest an allelomorphic series of factora causing: various 
color-intensity cxpj'esaions. The factoids d(‘finitely established are 
idack and white (66). The denser color was 

always coinplcdely <loniinant over the lighter one. 

Despite attempts to isolate other color groups from the progeny of 
certain cross<»s, th<‘ parental types only were recovt'nnl in the homo¬ 
zygous condition in later generations. 

* rigm(»nt formation in both the pericarp and the llowering glume 
appears to be c(»ntr*oll(*d by a single s(*ries of allelomorphic genes. 
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A STUDY OF THE C FACTOR AS A REQUIREMENT FOR 
OROWTH OF HEMOPHILUS OALLINAKUM ‘ 


By J. V. Dklapimne, aaftonatc noitUnj and 11. O. Stuart, pottlliy 

fmnh(nn{wanj Ifhmiv Idtiml AgriruUiiial Kxpvrimvut Stolinn 

INTRODUCTION 

Tli(' so-call(‘(l factor n'(|uircjii('iil for llu* growth of IltmophUuH 
(jalUnarum ^ was report(‘cl hy Kesseiis;^ wlio ol)S(»rved that chicken ser¬ 
um healt»d at 90° to 100° (\ for 10 minutes supported growth of II, 
influenzav, hut failed to support {rf*<>wth of tin* fowl coryza bacillus, 
//. ffdlllnanjin, 

I)(»laplane et al.* found that some factor in chicken-hlood serum 
was adversely ath^cted hy hoiliiifr hut was not comphdely <iestroye(l, 
sinc(‘ some growth occurr(‘d when the boiled s(Tum was used at tlie 
base of nutrient a^ar slants. For convenience, they also n^fiTred to 
this fa<*tor as the C factor. 

Because of the incomplete de^struction of the* facte)r in boile^d blood 
seTUin, the que^stion arose as to the possibilit.y that the ])hysie*at e*han^e‘s 
brouj^ht about by boiling rni^ht have* pre*veMit(*d the orfranism from 
utilizing seune ne*ce*ssary iiutrieMit and that llie* e*HVe-t observeul was 
not the* re'sult of e*he*inie*al action. 

MKTHODS 

Te) aveiiel the linn type of coa^ulatiMl prot(»ins sue*h as ivsult from 
be>iling serum or elilutin^ serum in broth, it was (lf*ciele*cl le) add the* 
ste*rile‘ chicke*n-ble)oel seM'um in the ratie) of I ))art of stenile senum to 

parts of a ste*rile* 2-pe‘r(*e>nt sodium eutrate normal salt solution. 
Such a solutie)!! is alkaline*, and it was thought that the* me*tapre>te*ins 
r(*sultin^ from be)ilin^ woulel re*main in suspeaision. This pre>ve*(i to 
be* the* e*ase, as the se*rum sedution me*rely be*e*ame* cle>uely after boiling 
or afte*r h(*atin^ lor 15 minute*s at 15 peiunels* pre*ssure* in the autex'lave. 

Se*rum solutions tlius prepare*el we»re boile*d feu* 5, 10, and 15 minute*s, 
rapielly ceH)le*el, anel use*el with nutrie*iit broth and at the base* e>f nutrie*nt 
af^ar slants for e*ulteiral te*s(s. S(»ruin sejiutions similarly pre*pare‘(l 
were* aute)e*lave*d and te*ste*el in the same* nianne*r. Sle*rile chicke*n-biood 
plasma inste*ael of serum was alse) use*el in the* te*sts. 

As boilinjj; in the manne*r de»se*ribe*el diel not appe*ar to ele*stre)y the 
growth pre»pertie»s of the* se*nim eu- plasma fe)r Ihmnplnlus pnllinanim, 
be)ile*el pre*parations of se*rum and plasma we*re* (M*nlrifu^e*d, the* suf)(*r- 
natant (ilte*r(*d through filte*r ])ape*r, anel the* filtrate* sterilize*d by 
l)assing thre)ugh Swinny bacte*riole)gical filte'rs. 

rnhe*ate*d se*rum anel (dasma filteivd in this manne*r we*re* kimwn te) 
suppe)rt gre)wdh e)f Ht wophUui< paUinarum, anel so w’ere not e*m])loy(*el. 

• lor pulilu’tition W, HUei ('oiitribulion hll of tlu* Rliodi' Tslniid ApriniMural 

K\rH>riiiii>nl Ktiition 

* Ku.s.sens rclfi^ to lliK orKiiiiiMn iis flmnmphilu\ curv:n 

< lvhH.SENS. R II. \Klt(.kIJJkKMi OMiKK/dfch IIKTKI'rrhSIU' HAI'M<)l*illl I k ( i)K\/Af llAMMOrUfl ( S 
IVFI T'LNZAK ¥\ ANUKKh JIARMOl'illM !• HA( II l.hN Uljks T'lll\ , IUt«‘('ht. IlHIi 
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Two different strains of Ihmophilm gaUinarum and a smooth strain 
of //. inftutnzar were used for testing the boiled serum and plasma 
solutions, and a bueteriologieal filtrate was obtained fn)m them. 

RESULTS 

Tlio rosjdts of the various tests are sliown in table 1. The boile<l 
sc'i’um and plasma solutions supportcHl good growtli of Hemophilus 
gaUinarum, whc'reas the autoelaved preparation faih>d to do so. This 
would se(‘m to indicate that boiling the serum or plasma does not 
destroy the factors n(*e(>ssary for gn>wth; and that the possible* destiuc- 
tion of the factor in serum as reported by Kessens'’ and by Delaplane 
c*t al.* rmdted fmm physical (‘hanges in flu* in(*dium. 

The results of filt(*riitg tlu* boiled pr(*paralions would seem to indicate* 
that the gi*e)wth faetore are ti(*<l up with the ce)agidation prote*ins 
since* the* filtrate's faile*d to suppewt growth. 

The te*sts in which Hemophilus influenzae was U8e*el show'e'd that it, 
too, wemlel grow in the* boile*el citrated se*rum anel plasma ])reparations. 
but not in the bacti*rial filtrates of the* same material. 

It may be* peissible* that through the* ae'tiem eif e*n/,yme's eir e>the*r 
factors IhmophUus influinzat, unlike* //. gaUinarum, is able to utilize* 
the* grow'tb fae'toi-s eif the* meire firmly coagulate*el forms of the be)ile*el 
e*hie'ke*n Ht*rum pipteins (as re*j)ort(*il by Ke'ssens ®), but no studu'S of 
this kinel have* be>(*n atte*inpte*il. 

As a re'sult eif tlu'se* studie*s, the* WTiters be'lieve* the (’ facteu* of 
Ke'Ssens '* to be* one* of a physical rathe*r than of a distine*tly e‘he*micul 
or neitrie'iit nature, anel thus the culture's eef IlimophUus gaUinarum 
use*d in the* pre'sent weirk inquire only the* X anel V facteii-s fe»r greiwth 
rather than the X, V, anel (' factors. 

T\uuc 1 Till fltelt, upon Ihf giou’tli ol Ihmophtlm, gatlinaium amt It influinzai 
of diffentil HKlIimh of Inalmg pupatalmm, of do-pacent ehickin-hlood iiiiim oi 
Ol plauma, tn i-punnl sminim ritrali noimal Mill solution 


ith (as iiirlicatt <1 
priparutioiisi 

T( iiiflu(‘ii/a( 

(Pioil 
(howth 
' (]0(1(1 Knmlli 
I Unmth 
flood (trouth 
(Irowth 
No in'outh 
J)o 

(lood croutli 
drouth 
(>(N )(1 (trowt h 
I drouth 
dood (trouth 
diouth 
I No (Touth 
Do 


1 rt utinont ol ihiLki n Mood iitctiaiatioii and im iIkhI of iis( 


Si rum lN>il(>d n iiitiiiitis, iis(>d ui bust ol a(!ai slauts 

Roniiii iMiiled A miiuilus, iisid uith bioth 

Serum boiliul 10 minutes, used at basi ofatjai slants 

Serum boiled lOiniiiutis, used uith broth 

MTum boiled lA uimuti's, u<M*d at bis(* of aaar slants 

Serum Milled IA niinuti'*, us(m| uith broth 

Seiiim auloeliued lA nuiiules, used at base of u(;«u slants 

Ibnled siTum Swuiiiv nilrati at base of aear slmts 

Plasma IniiUmI A iiiiuiites, usimI at bciM ot .i(tai slants 

Plasma boiled A mimiteb, used uith broth 

Plasma Muled id iniiiuti®s, tined at biw' of aKar slants 

Plasma Malt'd 10 imiiiitc's, used uith broth 

Plasma Makul IA minutis, usimI at base of a(rai slants 

Plasma Muled lA mmuti's. used uith Moth 

Plasma autoelaved lA miniib's, iisi>d at bas(> of atrar slants 

Polled plasma Suinnv bltrate at bast' of ni;ar slants 


Tvjh offfrov 
bj stiini'd 
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dood crouth 
drouth 
dood (trouth 
drouth 
dood growth 
drowth 
No growth 
do 

dood growth 
(Irowtli 
dood growth 
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No growth 
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» No ditlerenei's were noted M'tweeu the i! btiaiin of 11 gaUinarum used in the lists 
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the distribution of potassium in bright leaf 

CIGARETTE TOBACCO AND ITS INFLUENCE ON THE 
QUALITY OF THE LEAF ' 

B\ M. F. CjRiHBiNs, assiHtani in agricultural and biological chcminlry^ .1. J. Reid 
assistant professor of haclcriologyt and I). K. profissoi of soils and phyto- 

chemistrijj Pennsylvania Agnculhual Erptrnnuit Station 

INTRODUCTION 

Numerous workc^i-s have* n^poHrd that potasli forlilization of Iraf 
lohacTo is favorabir both to Iho yield and (pjalily of the rrop. Many 
fundamental studii's have been conducted on the absorption and trans¬ 
location of potassium by jifrowinj? plants and its accumulation within 
the various cells and tissue's. The relation of this ('lenient to various 
bioclu'inical and physiological pheiioniena lias r('C(‘iv('d diK' 
considc'ration. 

Tlie pr('S('nt invc'stigations involve a study of the inllin'iici' of \arious 
(|uantiti('s of jiotash fertilizers applied to growing plants in the Indd 
on tin' absorption and lo('alization of ])otassium within the plants and 
the infiuen(‘e of this eh'inent upon tlu'ir (juality. For tln'se studic's, 
sample's of tobae'co were obtaine'd fremi certain of the ('X|>('rime'iital 
plots at (^hathani, Va., whe're the Virginia Agricultural Kxperimi'nt 
Station is conducting lie'lel te'sts on this creip. Sample's of both the' 
IIKIS and 19119 cro])s we're taken in De'eTJiiber freun a barn where the' 
mature' l('a\('S hael bee'ii stored in the usual manner after harve'sting 
anel curing. The* re'sults of stuelie's conelue'te'd em similar sainph's of 
the 19)17 cro|) lune be'en re'porte'el {^)r 

REVIEW OF THE LITERATURE 

Within the' growing plant potassium may be' fenniel in the form of 
compounds which are ejuite soluble' in wate'r. It is ri'adily transporte'el 
thremghout the plant anel is usually found to ae*cumulate' in re'gions eif 
active' greiwth. Nightingale, Schernie'rheirn, anel Robbins (6') found 
that the gre'ate'r part of tlie potassium in temiato plants was soluble in 
water and, when pre'sent in limite'el quantitie's, was translocati'd from 
re'gions of less inte'usive tei regions e>f more* intensiv c metabolism. If a 
|)e>tassium-de*ficient plant was allowe'd to fruit, the potassium was 
traiiMlocatc'd to the fruit at the e'xpense* of all othe*r portions eif the 
plant, which re'sulte'd in its de'ath. (Nuifirmatory ivsnlts have been 
re'pente'd bv flames and Pi'iisteui (rf) and b> Jansse'ii anel Bartheilomcw 
({)• The last-name'el weirkers found that h'af starvation in the tomato 
Jilant due* to a lack e)f ])otassiuin wa^ progre'ssive, and exte'uele'el from 
the* leiw^'r to the uppe*r h'ave's. l)e»ael le'ave's take'll freun the' plants 
show'i'ei a much leiw’e'r cemtent of peitassium than ae*tiv('ly growing 
le*av('s, indicating a re'ulilizatiein of this e*lement in mc'tabolism. Jt is 
appare'iit, Ihere'fore, that a plant should e'eintain ample quantities of 

> Kuiivod Joriiiihliiation August 31,1M4(I I'ajH! Vo the Journal Swiosof tlu' I'onnsjhaniu \irn- 

cultiiml Kxim^i inu'iit Station 
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potassium for its iioniial growth and metabolism, and that there 
should b(‘ a hiir distribution of this element throughout the plant. 

MATERIALS USED AND METHODS OF ANALYSIS 

The samples were taken from plots eaeli of which received SO pounds 
of nitrog(‘n, SO pounds of jdiosphoric acid, and various (piantities of 
potash per acre* as shown in table 1. Supph'mentaiy treatments 
involved the application of magnesia and limestone to all j)lots at 
t h(‘ rate of 200 pounds per acn*. Two percent of t he potash was applicul 
as muriate, tin* remainder as the sulfate. R(*presentative samples * 
of leaves were tak(*n from the lower, the middle, and the upp(*r third 
of tin* stalks. Each sample r(*prescnted two grades, good qualitv ainl 
scrap quality. In 1988 only the good quality grades wen* analyzed. 

Methods used for chemical analysis in vol veil tin* removal of tin* 
midrib and griinling the reniaind(*r in a Wiley Jiiill. Total nitrogen 
was d(*t(*rmined by the Kjeldahl method inodific*d to include the* nitro¬ 
gen of nitrates, ])otassium by the platinic-chlorich* method according 
to Thomas ot al. (U)), and moisture by drying at 97.0° (\ for 2 hours in 
a drying oven. R(*ducing materials were det(*rmiin*d on an aqueous 
extract of the samph* by the Quisumbing and Thomas method (7) and 
(*al(*ulated as glucose. Sampl(*s were extracted with water at 50° C\ 
for 2 houi’s and tln*n overnight at room temp(*rature. The sam]:»les 
were clarified, deleaded, made up to volunn*, filt<‘red, and tin* n»ducing 
power determined on aliquots. 

Tahlk I Fiiiiliztt tnatnKut ol Iht txpn tmuital tobacco plots studiut * 
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PRESENTATION OF DATA 

Samides of both tin* 1988 and 1989 crops W(*n* analyzed for potas¬ 
sium, nitrogen, and reducing materials. Tin* reducing matc*rials, to a 
large extent, are made up of fermentable (‘urbohydrates. A largi* 
portion, but by no means all, of these jnat(*rials is made uf) of glucose 
and related sugars. 

The 1988 crop ])roduced good yields and commanded a fair prict* on 
the market (tabh* 2), indwithstainling the fact that it was grown under 
conditions of excessive* rainfall ainl was somewhat damaged by hail. 
The analyses nnuh* on the best quality sampl(*s an* pres(*nU*d in 
table 3. 

* ThosesaniplosWin submitt(*d tin ourIi theof K Al Matthows,sii|Mnintendent ulUx. f'lmtham 
substation 
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Table 2.-- Effect of vanoun fertilizer treatments on the yield and value of the 19S8 
and 1930 crops of bright leaf tobacco produced on the experimt ntal plots studied 
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Tli(‘ 1989 crop was jjrowii iiiHlor dry conditioiis rarly in llir season 
])ut later the rainfall was satisfactory. On the whole, however, this 
crop was somewhat inferior to that of the 1988 crop (table 2). 

CHieinical analyses of the tobacco for both years are prt'sented in 
tabl(‘ 8, all results beinj? n^ported on a moisture-free basis. From the 
results as listed in table 8, the ratio of nitro|jen to ))otassium was 
calculattMl. Th(* n»sults are presented in ligun^sj and 2. 



PifJirRE 1.- The nitroKcn/potasMinii ratio of hriKlit leaf tobuceo as infliioiioed !>> 
fertilizer treat month, 193S crop, boKt quality. 
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Table 3.— Effect of variouR fertilizer treatments on certatn constituents of the bottom, 
middle, and top leaves of best-quality bright leaf cigarette tobacco produced on the 
experimental plots in 1938, and of best and scrap quality in 1939 
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Table 3. Effect of various fertilizer ireaimenis on certain constituents of the bottom^ 
middle, ana top leaves of best~quah1y bright leaf cigarette tobacco produced on the 
ixperimental plots in lOHS, and of best and scrap quality in 1939 (\)i». 
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DISCUSSION OP RESULTS 

Tlio results on tho inlnko and amnnulalion of poUissiuin as in- 
(licatod in table 3 are somewhat in ajjreenient witli tin* observations 
of Anderson and eoworkei’s (/), wlio stated that wliere tin* supply of 
potash in the soil was quite low, this element was found in hi^ln*r 
eoneentrations in the upper rather than in the lower Ieav(*s. On the 
other hand, where the supply W'as ample, there was a higher aeeuinu- 
latioii in the lower leaves. 

That tin* distribution of potassium in tin* plant is influene(*d in a 
measure by the Quantities available is indieated by table 3. In jdots 
1 and 2 the low level of available potassium a])p(*ared insuffieient to 
meet (he demands of the ^rowin^ plant. Under these eonditions a 
larger ae(*iimulation of this (*leinent should be exp(»eted in the up])er 
portions. now''ver, where ample or rather (*\eessiv(* quantiti(*s of 
potassium were available to the plants, it appearc*d to be absorb(*d 
throughout the growth period, resulting in a marked aeeumulation of 
(his element in the lower nlant parts. 

The ineorporation of r(*latively lai*ge quantities of potassium in the 
f<‘rtilizer mixtures, improperly balanced with other necessary iniin*rul 
nutrients, does not appear to be advisable, since the market value* of 
the tobacco ])roduced on plots so treated was found to In* (piite* low. 
The conditions under which these plants were grown, hoW(*v(‘r, in¬ 
dicate that quantities a])proximating 100 pounds per a<*re may In* 
desirable. 

While it is not advisable* to produce bright le*af toba(*co containing 
large quantities of nitroge*n, this i*lenu*nt must be given due consider¬ 
ation as supplying certain properties to the le*avc*s which are cxtreine'ly 
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(lesirablo from llie staiulpoini of both yield and quality. From the 
n'rtults obtained, the writers are incliiK'd to believe* that the ratio of 
nitrogen to potassium should approximate* 1:1 in the leaves. (See* 
figs. 1 and 2.) It is apparent that the plots reviving minimum quan- 
titi(*s of potassium had a wi<le*r ratio, while those n*e('iviiig ('xe(*ssive 
quantities had a narrower ratio than this value. Leaves showing a 
ratio of approximate*ly 1:1 were found on the middle leav(*s of the 
plants grown on plots'3, 4, and 5 during the 1938 se*a8on. 

It would a])pear that th(*re is some correlation between the nitrogen/ 
])otassium ratio of the leaves and the fe*rtilizer treatment of the plants. 
While the 1938 and 1939 crops w«*re produced under different W(*ather 
conditions, the figures for the nitrogen/potassium ratio were of some¬ 
what the sann* ord(*r. 

Samples of the 1938 crop show(*d an increase in the concentration of 
nitrogen from the lower to the up])(*r leav<*s. However, tliere appeareci 
to be a slight variation where the potassium su])ply was more or less 
ample. On the other hand, the variation was (piite pronounced for 
plot 1 where no potassium was applied. This was likewise* noted for 
samples taken from this plot in 1939, while the r(*maining plots showed 
approximat(*ly the same concentration of nitrog<*n in the* bottom and 
top h*av<*s, l)<*ing soin(*what lower in the middle leaves. 

It has b(»(*n stat(‘d on nnmennis occasions that normal carl)ohydrate 
formation is clos(*ly associated with the presence of ample quantities 
of j)otassiuni (/^, cV, Ft), While the (piantity of available soil potassium 
in plot 1 may have be<*n sufficient to me(*t the needs of the plants 
during their early period of growth, it apparently was not sufficient to 
meet their demands during the latter stagf*s of growth, as may be 
notetl in the \(*ry low <‘oncentration of carbohydrates in thematuro 
plants. 

The results presented for the I93S crop in tabh* 3 are of particular 
int(*r(*sl. The sampl(*s from practically all ])lots showed a larger quan¬ 
tity of reducing materials in the lower than in the higher leaves. 
For those plots receiving sufficient potash this difference was less 
|)ronounced. 

It is (|uite ap|)arent that the reducing materials of the leaf are more 
or l(*ss associate*!! with its quality. A comparison of the composition 
of the two grad<*s e)f tobacco obtain<*d from the 1939 crop, as given in 
table 3, is striking. In all cases, the reducing materials of the bottom 
and top leaves of tin* scraj) ((uality was low, while that of the middle 
leaves was sonn*whal higher. It may be noted that while the bottom 
l<*av(*s of samples from plot 4 had approximately the same nitrogen/ 
potassium ratio, tin* reducing mat(*riais of the scrap quality W'ere less 
than half that of the best cjiiality tobacco. 

Harvesting of bright leaf tobacco is accomplished by the r(*moval of 
tw^o or three leaves at a time as tln*y become “ripe,” starting at the 
bottom and progn*ssing upward. This procedure is called ^‘priming” 
and in a normal s(*ason five or more primings are taken from each 
plant. It is obvious, tln-refore, that weather conditions prior to a 
priming may influence tin* composition of the leaves. The moisture 
content of tin* soil has a gi*eat eleal to elo with the absorption of mineral 
nutrients l)y plants ainl in this connection it should be remembered 
that above-normal rainfall was experienced in 1938 while rainfall was 
below’ normal in 1939. 
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SUMMARY AND CONCLUSIONS 

Samples of bright leaf cigarette tobacco were obtained from each of 
(‘ight experimental plots where potash was the only variable in the 
individual fertilizer treatments, ranging from none to 300 pounds per 
acre. Samples were taken from both the 1938 and 1939 crops and 
divided into three groups according to their position on the stalk, as 
bottom, middle, and top leaves. Only the best quality samples of the 
1938 crop were analyzed, but in 1939 analyses werc^ made of both scrap 
and best quality. From the results obtained it may be concluded: 

(1) \^ien the quantity of potassium available to the plants is low, 
a greater concentration of this element occurs in the upper leav(‘s, and 
the content of reducing materials, including glucose, is quite low in 
all the leaves. 

(2) When the quantity of potash at the disposal of the plants is 
satisfactory, there is a inore or lc*ss uniform concentration of this 
element in the bottom, middle, and top leavers and the production of 
reducing materials attains a maximum. During the season of 1938 
these conditions prevailed where potash was applied at the rate of 90 
pounds per acre. 

(3) Extrc'mely large applications of ])otash give rise to an increased 
absorption of this element, with a larger accumulation in the bottom 
leaves. Under the conditions of these experiments, such applications 
of potash, improperly balanced in respect to other nutrient materials, 
failed to show any further favorable influence on the production of 
reducing materials than that observed in plants r(»c(»iving adequate 
potash fertilization. 

(4) Under the conditions of these experiments, a nitrogen/potassium 
ratio of from 0.8 to 1.1 appears io be highly desirable. Leaves of 
t/obacco plants grown under th('s<» varied conditions showed a nitrogen/ 
potassium ratio ranging from 0.5 to 3.9. Neither extreme was found 
to be associated with good quality. 

Desirable nitrogen/potassium ratios wen* obtained in 1938 from 
applications of from 00 to 120 pounds of potash, while desirabh* 
nitrogen/potussium ratios were obtained in 1939 from 00 to 90 ])ounds 
of potash applied on the basis of 1 acre, which may be attributed in 
large measure to seasonal differences. 
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USE OF SODIUM BIFLUORIDE AND SODIUM SILICOFLUO- 
RIDE IN THE DISINFECTION OF HIDES ‘ 

By A. M\nthisi, assistant vHtnnatian^ and A. PIk'Hiiorn, director, Animat 

Disease Station^ Buieau of Animal Jndustiy, United Staten Departrntnt of 

Agnailture 

INTRODUCTION 

The importation of hides and skins presents a hazard to the li»^e- 
stoek industry of the United States heeause of tlie possible introduc¬ 
tion of various disease genns or viruses that may adhere to or be in¬ 
corporated in these materials. Such maladies as foot-and-mouth 
disease, rinderpest, and anthrax can be spread in this manner. Fed¬ 
eral regulations covering the disinfection of hides and skins imported 
from countries in which such communicable diseases are known to 
exist, therefore, are rigidly enforced. 

Research has been continuous in an effort to lind some cliemical 
substance or comj)ound that would be effective in rendering all in¬ 
fected hides and skins safe for importation, without injuring them 
for tanning purposes. Various chemical substances have been found 
to be effective germicides or virucides when used with only the etio¬ 
logical agents of various dis(*ases, but in the presence of animal tissue 
the disinfectants in many instances have been ineffectwe. This condi¬ 
tion is due to the inability of some disinfectants to penetrate the tissues 
or to the formation of an insoluble substance by the combination of the 
chemical wdth the tissue proteins. Another equally im|)ortant factor 
in hide disinfection is the effect of the disinfectants on the tanning 
projierties of the hides. Some disinfectants have been found to be 
effective in destroying the contaminating germs or viruses, but they 
damaged the hides. 

REVIEW OK LITERATURE 

Most of the early work on hide disinfection was connected w^th 
anthrax. K\tensive research was necessaiy to lind methods of disin¬ 
fection that would destroy both the anthrax bacilli and the spores. 
The most widely accepted methods w^re those recommended by 
Seymour-Jones (//) - and Schattenfroh ilO). Work was done by 
Ponder (.9), Smyth (1'^), Tilley (IJ), and O’Flaherty and Doherty (7) 
to determine the efiicienev of these methods. 

The prevention of foot-and-mouth disease in the United Stales is 
extremely important because of the enormous losses to livestock ow ners 
and the cost to the State and Federal (Jovernments caused by the 
drastic methods of eradication. Much work has been done by various 
investigators toward the control of foot-and-mouth disease. The 
British Foot-and-Mouth Disease Research (\)mmittee of the Ministry 
of Agriculture and Fisheries, in its first {H), second (*<), third (^), 
fourth (/))j and fifth ((f) progress reports, and the United States Foot- 
and-Moiith Disease (Commission (*V) found that agents w hich coagulate 
protein are ineffective against the virus in the presence of exudate or 
tissue. As a result, various noncoagulating protein chemicals were 
employed and found to be virucidal when used in the proper dilution. 

I Kocrnrrl foi piiblinitiori Jnniian IH, mil 
* NuiuImms in pairiilhoses n'frr to Litoinluii* p 17 

Journal of Aenciiltiiral Uesporch, 
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Among the chemicals mentioned are sodium hydroxide, sodium bisul¬ 
fate, sodium bisulfite, antiformin, sulfoliquid, and formalin. Results 
obtained by Trautwein and Reppin (14), »» well as Winkel (f5), 
showed that 1 percent of sodium hydroxide killed the virus readily, 
and the latter worker used 0.1 to 2 percent of sulfuric acid with equal 
effectiveness. In the 1928 outbreak of foot-and-mouth disease in 
Bavaria, Gennany, 1 percent of sodium hydroxide in conjunction 
with 5 percent of calcium hydroxide was successfully used t() disin¬ 
fect premises. Helm and Curtze (/) demonstrated that the efficiency 
of sulfoliquid and caustic soda was greatly increased when applied hot 
(100® C.). 

In the third report of the British Foot-and-Moiith Disease Resepch 
(^ommittee (4), mention is made of the use of foimalin in the disin¬ 
fection of hhles heavily infected with foot-and-mouth-disease vims. 
In such hides soaked in l-])ercent formalin solution for 48 hours, 
the virus was destroved but the formalin luul a detrimental effect on 
the hides. In the fourth report of that (\)mmittee {ft), the state¬ 
ment is made tliat when infected hides were soaked in sodium bisulfate 
solution (1 to 10,000) for 5 hours or sodium bifluoride (I to 20,000) for 
2 hours, the virus was destroyed and no damage was done to the hides 
from the stand])oint of leather production. No further mention was 
made of this method of hide treatment in subsequent publications nor 
were the protocols of the experiment given in that report. 

To confirm tliis work, O'Flaherty and Doherty (7) iis(»d sodium 
bisulfate and sodium bifluoride in hides contaminated with the virus 
of vesicular stomatitis rather than foot-and-mouth disease, in accord¬ 
ance with the policy of th<‘ Bureau of Animal Industry of th(‘ llnit«»d 
States Department'of Agriculture not to experiment with the virus of 
foot-and-mouth disease in the Tnited States. This lias l)e(ui a long- 
established policy because of danger to the* livestock industry of the 
presence of foot-and-mouth disease virus in the countiy even for 
experimental purposes. Tlu'se authors found that sodium [>ifluoridc\ 
in a solution of 1 to 10,000, destmyed the virus in 24 Iioujn, whereas 
sodium bisulfate, in a solution of i to 400, faih'd to kill in 24 hours. 
No undesirable influence on the skin and subse(|uc‘nt leather i\as 
noticed by several tanneries that used tlie sodium bifluoride proc(‘ss 
of treatment. 

PURPOSE AND EXPERIMENTAL PROCEDURE 

To test the virucidal action of sodium bifluoride and sodium sili- 
cofluoride on hiiles impregnated with the virus of vesicular stomatitis, 
experiments were conducted in 1989 at tin* Uniti‘d States DepartmcMit 
of Agriculture Animal Disease Station, Beltsville, Md. Virus of vesicu¬ 
lar stomatitis was used because of its similarity to the virus of foot- 
and-mouth diseases The use of sodium billuoride was suggested by 
the report of the British Foot-and-Mouth Disease Research Commi{ 
tee showing its vahn* in destroying the virus of foot-and-mouth diseas(^ 
Sodium silicofhJorid(* was tested because it had been reported to b(‘ 
the most efficient of the lluoriiu* compounds for curing or prescTving 
hides.” 

The v(*sicular virucidal virus was of tin* New Jersey type and was 
obtained from artificially infected cattle and horses. The lesions 
from these animals were dried, sealed in vacuo, and held at 4® C\ 

»Test nift<lo at thr i»f C E Smspinan, ludustrial tarin Products Rescaich Duision, Bureau of 

Acricultural ("hcniisti} and Euf^iniHTinR, t'. S Dcfiartnicnt of Apticultuie. 
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This dried vims was inoculated on scarified metatarsal pads of guinea 
pigs. Only frc^shly harv(*stod virus from guinea pigs with high tem¬ 
peratures at 24 to 28 hours and good lesions at 48 hours after inocula¬ 
tion was used in the experiments. The use of a virus after only a 
single passage through guinea pigs eliminated as much as possible 
any changes in virulence or structure of tln^ virus that might occur 
from continued passage in laboratory animals or live-tissue culture. 

The tests included two methods of detennining the virucidal action 
of the disinfectants: Use of (1) infected guinea pig pads placed with 
calfskin in the various soaks, and (2) calfskin artificially impregnatf'cl 
with the virus and placed in the various soaks. In each method, soak 
solutions were prepared of sodium bifluoride and sodium silicofluoride. 
Untreated tap walcT from a well was used as a control. The tests were 
repeated twice and identical results were obtained unless otherwise 
stated. The entire cxpcTiinent was carried out at room t(‘mp(Tatiirp 
(20° to 24° (\J. 

In the first method, sodium hifliioride and sodium silicofluoride 
were dissolved in tap water in dilutions of 1 to 5,000, 1 to 10,000, and 
1 to 20,000. The three dilutions for each of the two chemicals were 
placed in hard rubber vats, which were us(‘d instead of glass jars to 
eliminate any possibility of chemical reaction l)etw(‘cn the fluorine 
and the elements in glass. During the soaking periods, the vats were 
covered to prevent the admittance of light, thus eliminating any 
possible* haniiful (*ff(‘ct on the virus. Ilydrogen-ion d(*tcrminations 
w(*re made on each dilution before soaking and after 24 and IS hours 
of soaking. Infected metatarsal paels from 6 guinea pigs and 10 
pieces weighiiig 50 gm. (‘ach of salt-cured calfskin wctc placed in 2,500 
gm. of (*ach dilution of test solution aiul held at room teuiiperaturc for 
24- and 4S-hour periods. At the end of each holding period, half of 
the guinea pig pads w(‘re removeel from each dilution of test solution, 
cashed in O.S5-percent saliiH* solution, and ground in a sterile mortar. 
Then an O.S5-percent saline solution was added in suflicient (juantily 
to make a 10-p(»rc(*nt suspension. These* suspensions were shak(*n 
thoroughly and tln*n allowed to settle. The supernatant fluid from 
<*ach suspension was inoculat(*d on scarified metatarsal pads of guinea 
pigs; all pads wen* coven*el with sterile* gauze for 24 houi*s. Tem¬ 
peratures wen* tak(»n on the guinea pigs at 24 to 28 hours after inocu¬ 
lation, and the metatarsal paels were (*xamined for lesions after 48 
hours. Tln'se guinea ])igs were saved for 18 to 21 days and then 
reinoculated with fresh virus to determine wdiethcr any immunity had 
be(*n ac(|uin*d as w(*ll as to eliminate* the pe)ssibility of false e*linical 
manifc*stations that may have be*cn cause*el by the test seflutions. fn 
aelelition to the contrefl e*xperime*nts inveflving the* placing of afre*ct(*d 
guin(*a pig paels in lai> wate»r, contred e'xperimcnts wen* alse) carried 
e)ut with normal guine*a pigs to ele*termine the* virnle'ucc of the virus 
usc*d in all the souk soliitie)ns as we*ll us thut use*d to te*st the nnimuls 
for immunity. 

In the seconel method, conditions w^re the sume us in the* first 
(*xcept that 1 gm. of infected pads fmm guinea pigs was grenind in a 
mortar with 5 cc. of 0.85-percent saline solution, and 0.25 cc. of this 
suspension of virus was then injected intrade*rmically int(» circular 
pieces e>f calfskin, each 1 inch in eliameter and weighing approximately 
1 gm. Six inoculateel pieces were phiced between 50-gm. pieces e>f 
calfskin in each of the dilutions of sodium bifluoride and sodium sili- 
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cofluoride. The proportion of the /)()-p:m. pieces of skin to soak solu¬ 
tion was 1 to 5 by weight as in the first method. Half of the impreg- 
natecl circular pieces of calfskin were removed from the test solutions 
at 24 lioiirs and tlie remaiinng half at 4S hours. In each instance 
they were washed in O.Sfi-percent saline solution, cut into very small 
pieces with sterile scissom, placed in a mortal*, and ground to a pulp> 
consistency. This material was inoculated on c:uinea pip: pads, the 
remainder of the procedure being: the same as described in the fiist 
method. The purpose of this type of experiment was to determine 
the penetrating: ability of the soak solution and to duplicate naturally 
infected skins as nearly as possible. 

RESULTS 

The results obtained by the fiist method are shown in table 1 Th(‘ 
sodium bifiuoride, in the three dilutions used, destroyed the \irus of 
vesicular stomatitis in the g:uinea pig: pads after 24 horn's of soaking:. 
Sodium silicofluoride, in dilutions of 1 to I(),()()() and 1 to .*3,()()(), de¬ 
stroyed the virus in 24 hours. The 1 to 2(),0()() dilution killed the 
virus only after 48 hours of soaking. The \irus was still viable after 
48 hours of soaking: in tap water at room temperature Results with 
the normal control g:uinea ])ig:s demonstrated the virulence ol the 
virus used in all the soak solutions as well as that used to test g:umea 
])ig:s for immunity. 
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Tlic results ol)tain(‘<l by tlu* second nudhud ure shown in faWe 2. 
With sodium bilhioride, in <lilutions of 1 to 10,000 and 1 to r),000, the 
virus was destroyed after 24 houi-s of soaking:. In the I to 20,000 
dilution, the virus was desti-oywl in flO peretsit of tin* eases in 24 hours, 
but the destruction of virus was <*oini)h‘te only after 48 houi-s of 
soaking:. 

Withso<lium silieofluoride, 1 to 10,000 and lower dilutions destroyed 
the virus in 24 houts, whereas the 1 to 20,000 dilution coinjileielv 
destniyed the virus in onl> .'iO percent of the cases after 48 houi-s of 
soaking:. 


I'ahi.k 2 lijful of sotliinii hifliiitinU ant! \o<liiim \ilicoflu(itiilt on viiii\ ol visiculai 
stomatitis itiociilaUd mto salt-anitl cal I ski ns, 
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Tho virus was still viable after 48 hours of soaking in tap water. 
Similar results were obtained with the control guinea pigs as in the 
first method. 

The hydrogen-ion concentration of tap wat(*r and the various solu¬ 
tions is shown in table 3. All the soaks tendwl to be h*ss acid witli 
increase in length of time, but none of the solutions reached alkalinity. 
However, the virucidal action of tlirae solutions was not comparable 
witli tiie degree of acidity os sodium silicofluoride in the comparative 
dilutions had in almost every instance a liigher acidity than sodium 
bifluoride, whereas sodium bifluoridc, in the virulence twts, was the 
mor(‘ virucidal. 
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DISCUSSION 

Rc'siilts obtained from the studies indicate tliat both sodium bi- 
fluoride and sodium silieolluoride are virucidal to the virus of V(‘siculur 
stomatitis. Sodium bifluorhle, in a dilution of 1 to 20,000, was 
slightly more effective than sodium aiIicofluorid(» under like conditions. 

A lonj^er time was required for the higher dilutions of th(‘ disin¬ 
fectants to kill tho virus injected intraderinically in hides thaji to kill 
the virus in the guinea pig pads. This fact was due, no doubt, to the 
extra time required by the disinfectants to ])(»n('trate the skin befon» 
eorning in contact with the virus. After the skins had been in the 
various soak solutions for 24 to 48 hours, a greater tliickness was 
noted in tin* skins soaked in the two disinfectant solutions than in 
thos<* soaked in tap water. 

It appears that the scKliuin chloride in the cured skins had little 
influence on the effectiveness of sodium bifluoride or sodium silico¬ 
fluoride, as its presence on the skins in tap water failed to affect the 
virulence of the virus. 

The importance of sodium billuoride and sodium silicofluoride for 
use in hide and skin disinfection depends on their effectiveness against 
foot-and-mouth disease virus. The present experiments showed that 
these disinfectants destroyed vesicular stomatitis virus after 24 hours 
of soaking in dilutions of 1 to 10,000. The British Foot-and-Mouth 
Disease Research C^nnmittee in its fourth report {5) states that a 
dilution of 1 to 20,000 of sodium bifluoride killed foot-arnl-mouth 
disease virus in 2 lioiim, and O’Flaherty and Doherty (7) found that 
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a dilution of I to 10,000 of sodium bifluoride destroyed vesicular 
stomatitis virus after 24 hours. 

From tliese data it may be assumed that the use of either sodium 
biiluoridc or sodium silicofluoride, in a solution of 1 to 10,000 for 24 
hours at room temperature, would be effective in the disinfection of 
hides or skins infected witli foot-and-mouth disease when the ratio 
of liide or skin to soak solution is 1 to 5 by weight. 

SUMMARY AND CONCLUSION 

The efficiency of sodium bifluoride and sodium silicofluoride as liide 
disinfectants was studied, the virus of vesicular stomatitis being used 
as the contaminant. This work was carried on at the United States 
ne])artinent of Agriculture Animal Disease Station, Beltsville, Md., 
in 1989. 

Two methods of approach were used: (1) Infected guinea-])ig 
pads soaked for 24 and 4S hours in solutions of 1 to 5,000, 1 to 10,000, 
and 1 to 20,000 of the two fluorine compounds, in the ])resence of salt- 
cured calfskins; (2) sections of salt-cured calfskin injected intra- 
dermically with vesicular stomatitis virus in the aforementioned soak 
solutions. In both types of experiments, tap water was used as a 
control. The proportion of salt-cured skin to the quantity of soak 
solution in all experiments was 1 to 5 by weight. All experiments 
>\eie conducted at room temperature. 

The results were as follows: 

In the first experiment, sodium bifluoride killed the virus in guinea- 
|)ig pads m all three dilutions in 24 liours. Sodium silicofluoride 
killed the virus in dilutions of 1 to 5,000 and 1 to 10,000 in 24 hours 
and in all dilutions in 48 hours 

In the second experiment, sodium bifluoride killed the virus in 
artificially inoculated calfskins m dilutions of 1 to 5,000 and 1 to 
10,000 in 24 houi's and in all dilutions in 48 hours. Sodium silico¬ 
fluoride killed the virus in dilutions of I to 5,000 and J to 10,000 in 
24 houi's but ^as not completely effective in the dilution of I to 20,000 
in 48 hours. 

Tap water did not affect the virus in either guinea-pig pads or calf¬ 
skins after 24 or 48 hours of soaking. 

The hydrogen-ion concentration of the various soak solutions was 
determined at the beginning and after 24 and 48 houi's of soaking. 
Sixlium silicofluoride, at equal dilutions, had a higher hydrogen-ion 
concentration than sodium bifluoride, both decreasing with length 
of time. However, a high hydrogen-ion concentration does not 
necessarily indicate* greater virucidal powers The hydrogen-ion 
concentration of tap water also decreased with length of time. 

By analogy with similar research by the British Foot-and-Mouth 
Disease Kesearch (\)mmittee, it Ls a logical assumption that sodium 
bifluoride and sodium silicolhuiride are also effective m destroying 
the virus of foot-and-mouth disease. 
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THE EFFECT OF FERTILIZATION AND CULTURAL PRAC¬ 
TICES ON THE OIL AND AMMONIA CONTENT OF 
COTTONSEED GROWN ON YAZOO-MISSISSIPPI DELTA 
SOILS ^ 

l^y Mahvin CJik<jrh,^ Chmhl, Agricultural Exptrinifnt tStaiion 

INTRODUCTION 

The cottoii-oil mills of tlu* Yazoo-Alississippi Dolia usually pay a 
promium on cotlonseod jjrown in that ami. Sinco this is oim, of tin* 
worhrs j?mil(‘st rollon iwodurinj? amis, it becomes a (juestion of 
considerable importance to both the producer and processor to know 
what factors are responsible for this quality product so that f^reater 
us(‘ may b(' made of this apparent natural advanlap:e in tlie liighly 
competiti V(‘ fi(‘ld of cot ton production. 

The market value <if cottonseed is det(*rmiiUHi by the percentages of 
oil, meal, hulls, and linters w'hich the seeds contain. Pound for pound, 
the oil is the most valuable constituent of tlie seed, but since the p(‘r- 
centage* of im»al is roughly thn^e times that of the oil, the meal repre¬ 
sents the highi'r total money value per acre, darner el al.* havi* 
sliow'ii that cottonseed produced on different types of soil may diffeu* 
souK^what in its content of oil and ammonia. (Vrlain oil-mill records * 
indicate that cottonseenl produced on the alluvial soils of the Yazoo- 
Mississippi Delta, which are among the most productive soils in the 
(\)tton Belt, may contain a higher pen'entage* of both oil ami ammonia 
than cottonse'cd pmdiiccd in the upland or less fertile* parts eif 
Mississippi. 

(^iltural practice's in cotton produedion are* not uniform, e*ven in the* 
same se*e*tion, and any relationship that might be* e»sta[)lishe*d l)e*twe'e*n 
se)il f(*rtility and the* composition of cottonsee*el woulel not have ils 
v^ide'st application without a knowledge of the edect, if any, preiduce'el 
by elilfe'ivnt cultural practices. Te) eletermine to what ewtemt the»si* 
variations in cultural methods might afiVet the oil aTid ammonia 
e*emt(*nt of the cottonseeel, a stuely eif the efF(*ct of the cultural paclicc's 
most commonly folle)\\e»el in the Yaze)o-Mississippi D(*lta was includeel 
in this investigation. 


METHODS AND MATERIALS 

Sample's of coltonse»e*el were* colle*ct(»el from ^•»iracre fi(*ld plots, 
replicate'd live to nine time's, at the* De'lta Brunch Ex|)e*rime'nt Statiein, 
Stone'ville, Miss., anel analyze*el for oil, ammonia, anel moisture cemtent 
in aeTeirdance w^ith the ine*tliods e)f the National (\)tlonseH'el ProeJucts 
Association. The data are reporte'el on a lO-pere'e'iit nmisture* basis. 

> R(><f>iM>(ifori)ubli(‘n1ion SoptomborLM, ruu. e'oiitnbution from Ibr Dopnitiiioiit of I’hi'iniilry, Mis 
sissippi \Knuiilturtil K\|MMiinciit Stilt lun. i*iiper No 2it,iu'w 
^ I'ho \aluablo Hssistamv ul Dr. Koulaiid Coiiail ol this sUtion in tlio prcpaiiitioii ol tin* inaniisinpt 
piatcfull^ ackmmluileod 

OAUNhu, W. W , iiLAKo, II. \ , and KontfKi. (' I/, on (ONibvi op hjifcos as api^m ito in iiii> 
NllRIllONOT TlIhl'LAM JOUT AlJI Ul?.s A 227 il'l I'lM 
* t upiihlishod loeoids of tho TallahaUdiic Oil Mill, Webb, Miss 
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The })lot8 from which the samplers were taken had reeeiv(‘d annually 
uniform treaimeiiift for a p€‘riod of 10 yeai*9 prior to the first sampling. 
Th(5 saniplin^ was made annually from 1983 to 1937, inclusive. 

The fertility troatmemts or cultural practices may be grouped as 
follows: (1) (\)minercial fertilizers, which supplied nitrogen from 
different sources and at different rates, phosphorus from superphos- 

f hate, and potassium from sulfate of potash at the rate of 45 pounds 
2 ()fi and 37J^ pounds KjO per acre, respectively; (2) green manures, 
which in(jlud(*d hairv v('tch, Austrian winter peas, sweetclover, bur- 
clover, and rve; and (3) cultural practices, which inchuh^d (a) Varia¬ 
tions in methods of seedbed pre^paration (consisting of no plowing, 
bedding in fall, bedding in spring, and bedding in fall and rebedding in 
spring, all followed by uniform cultivation; (b) imifoim seedbed prep¬ 
aration, followed by w(»ekly cultivations for each d(cpth, which included 
hoeing only, harrowing, cultivating 3, 0, and (> inches deej) followed by 
3 indies deep; and (c) variations in spacing of ])lants within the hills, 
the number of plants per hill ranging from two to seven with a uniform 
distance of 10 by 40 inches between hills. 

KXPERIMKNTAL RKSULTS 
(COMMERCIAL FERTILIZERS 
XlTlMKJLV 

The data in table I shoA\ (he ('ff(‘ct which 30 pounds of nitrogen 
per acre applied in the form of various (commercial nitrogenous 
fertilizei*sha(l on tlie oil and ammonia content of cottonse(cd grown on 
Sarpy loam soil. Th(cre seiuns to have* been no effect on the oil 
(cont(»nt of the cottons('i‘d r(»gardless of the source of nitrogen, but tliic 
ammonia conti»nl was increased (misiderably by nilrog(*n from all of 
the diffenuit sources, though least by that from organic sourc(‘s. 

'Kmii.k 1 Effict oj tnltogtn from ihfftunt Houicts on Itn uuhl anti on Iht oil anti 
ammonia conttnt ^ of cottonmid grown on Satpii loam 
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Table 2 giv(‘S the data on the performance of nitrogen from two 
sounces, sodium nitrate and cyanamid, applied at rates ranging from 
7)2 to 45 pounds of nitrogen p(‘r acre at 7J‘2-pound intervals. Nitrate 
of soda is immediately soluble, but cyanamid has to undtergo certain 
chemical changes in the soil before the nitrogen is available to th(c 
plants. Howeveu*, the geiu'ral trend in the behavior of the two typ(»s 
of nitrogen carricu-s at the different rates of application was esscuitially 
tin* same. At the higher rates tlie oil percentages were low(‘r for 
both sources, but the yield of oil per acre was greater since with the 
higher rates of fertilization a greater quantity of cottonseed was 
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produced per aeie Tlie percentage of amiiioma in the cottonseed 
increased with the higher lates of application of nitrogen. Since the 
highei rates of nitiogen pioduced more pounds of cottonseed per 
acie, the higher rates likewise incieased the total amount of ammonia 
to a considerable extent. While some of the increase in percentage 
of ammonia and the decrease m peiwntage of oil at the lower rates of 
nitiogen aie not statistically significant, a trend is exhibited in both 
cas(‘s 


1 ABLi* 2 Ffftct of anpl^xnq at difftnnt lahs mhogm dermd from sodium nitrate 
and cganamid on thf yuld and on iht oil and ammonia content ^ of cottonseed 
groan on Sarpy loam 



1 liesuUs with sodiiiin nifniti 

1 U( suits w itli c \anartiid 

Nilro in 

1 



1 

1 _ 



ipiilii d 

11 Id of 
(oltoiiscid 1 
p(.r atrt 

! 

1 






pit un 
(pounds) 

Oilcimliut 1 

Ariiiiionin 
(ontf lit 

Kirill of 
cottimsiid 1 
{M r acri 

1 Oilonntint 

Ammonia 

contint 


}*ound\ 

' Pfrcint 

1 

Pm eat 

J^oundK 

Pemnt 

Percent 

1 

m 

20 H74 0 IS 

i 444:0 1} 

1 040 

10 4H4:0 20 

5 <174:0 0t> 


fi'Ui 

20 H4I 

10 , 

\ 4U 01 

1 052 

10 474- 15 

4 00dL 04 


724 

20 

10 

1 514 04 

1 (Mib 

10 544: 14 

4 054- 00 


m 

20 Wd. 

H ' 

1 044- 05 

1 (M)(» 

10 444 12 

4 (0)4: 02 

h 

HS7 ‘ 

' 2i) 124 


4 714- 04 

1 112 

10 204 14 

4 07dL 02 

nj 

<<4(i 

10 KOJ 

2S 1 

4 TS-t 05 1 

, J 114 

10 144. 12 

4 244. 0» 

1 

Its" 

10 M 1 

n 

4 K44: 05 

1 150 

•0 01 t 12 

4 114 0(> 

> Sit footnoti 1 

tiliU 1 








1 viiiF i ifffci of phosphoius and potassium, wlun nitrogtn was suppltid by 
sodium niirati and (ynnamid, on tin yuld and on thi oil and ammonia conUnt ^ 
of (ottonsud gioun on Saipy loam 
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l*II()SPHOHI S VND PoJASSUTM 

Tal)le 8 shows the lesiilts iiom adding phosphtnus and potasbium 
With npplieations of sodiimi nitiate ami cyananml to make mixed 
leildi/eis cairying 45 pounds ol *^7*2 pounds of KiO, and 30 

pounds of niliogen ])ei acie The animonm content of the seed was 
not a ppieciably affected many case It will be obseived also that 
w hen phosphorus or potassium was used eitluM alone or in combination, 
the eflect on the oil content ol the cottonseed was not statistically 
significant These lesulls aie in agicement with those of Oaniei, 
Allaid, and Foubeit,' who lepoiled that nitrogen affects the oil ami 
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ammoiiiu o(uitonl of cottonseed but that phospliorus and potassium 
do not. They are not, however, in full apjreement with the results 
of O'Kelly, Hull, and Oieger,** who found that the fertilization of 
cotton with potash raise<l the oil content but lowered the ])rotein 
content of the seed. This difference in results may be due in part at 
least to a difference in the natural sup|)ly of potash in the soils used 
in thetwoiiivestijcations. The work of O'Kelly et al. was carried out 
on soils so deficient in phosphorus and potassium that cotton responded 
well to phosphate and potash fertilization, whereas the prescvit work 
was conducted on a soil that ordinarily has not driven economical 
increases in cotton yield from either phosphate or potash fertilization. 
It is known that a soil extremely deficient in an elenuMit will {'ive a 
j^reater n»sponse in yield to applications of that elermud than wilt 
soils only incxierately deficient in it. 

GREEN MANURES 

The availability of the nutrients supplietl in manures and 

the effect of orpinie matter on soil moisture are two factors that may 
cause the |)lanl nutrients supplied through commercial fcM-tilizers anil 
{rreen manures to affect the oil and aiuinonia content of tlu^ eott(»nsee(l 
differently. To reduce this source of variability, a numl)er of ^nx^n 
manure crops were included in the test, namely, hairy V(dch, .\ustrian 

inter peas, sweetclover, bur-clov(‘r, and ry<‘. Table* 4 irive*'^ the* data 
on the* effect of turning under given manures em the* oil anel ammonia 
conte*nt of cotlonsee*d. Since some of tlu* creips maele more* greiwth 
than others, diffeivnt ()iuintiti(*s of nitrogt*n were turne*d un(le*r in 
the differe*nt l(*gunu*s, a (Hindition which is be*ye)nel control in fii*lel 
e*xperim('ntution. The ivsults with the* le»gunu»s are* similar lei theise* 
obtaiiUHl with the coinme*rcial souiws ol nitroge*n, that is, the* oil 
percentage w^as de*creaseel anel the* ammonia pe*rce*nlasre incre*ase*(l by 
the addition eff nitreigenous manure. The re*sults with rye*, which is 
a nonle»gumine)us erei]), eliffe*re*el from those* e)f the* nitre>ge*ne>us fe*rtilize*rs 
but we*re* \e*ry similar tei theise* obtaine*el on the ne)-lre*atme'nt plot 

enLTURAL PRAeTK'ES 

Sine*e the metlmd eif pre*paring the se*e*dl)e*el, the* fre*f|uencv anel 
ele'pth e)f cultivation, anel the number eif plants greiwn per hill, are* 
practice's that vary w’ide*ly, ne>t only be*tw’ee*n eliffe*renl e^eitton-growing 
ivgions, but within a single enmmiinity, an atte*mpt was maele* tei 
include* a wide range of lhe*se practice's in the* inve*stigations. The* 
(*ffe*ct on yie*lel anel on oil and ammonia e*onle*nt of the* e*e)tte)nse'e'd 
ivsulting fnim the»se* variations in cultural practice's are* sheiwMi in 
table's 5, (i, and 7. It will be e)bst*rve*el that neuie eif the* variations 
in si'i'clbevl javparatiein, cultivation, or spacing se*em to have* had aiu 
markc'd e*ffe*ct on the oil or ammonia cemlent eif the* se*eel. Any out- 
stanejing advantage iff erne of the'se practice's eiver another in tlu* 
gi*owdng e>f cotton w’ould have to be de*te'rmine*el on the basis of epian- 
tity proeluction anel e'Conomi(*s rathe*r than on the* oil anel ammemia 
content of the seeel produceel. 


* e}'k«.l.U, J. Ul’LL, W. W ,tmd OlEOlkR, Af mw I.S Oh VAR^INO AMOl STS OF miASll ON on AMI 
PKOTEIV AMI ON THK WhK.llT AND FKRf ENTAOfc UF COITONSfAI) MKs Aqr E\llt StJl Twll Bul 20, 
8l)p., llllis aK13. 
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SUMMARY 

Samples of cottonseed were e/tllected Hiiinmlly over a .‘t-year period 
from 1933 to 1937, inclusive, on plots of Sarpy loam located at the 
Delta Brandi Experiment Station, Stoneville, Miss., which had 
received for a 10-ycar period prior to the first sampling the following 
treatments; (1) ^mmercial fertilizers, which incliidi'd nitrogen, 
phosphorus, and potash; (2) green manures, which included huirv vetch 
Austrian whiter peas, sweetclover, bur clover, and rye; and (3) a 
variety of cultural practices, which hicluded (a) different methods of 
seedbed preparation, namely, no plowing, bedding in the fall, bedding 
in the spring, Ix'dding in the fall and rebedding in the spring; (b) 
uniform seidbed pnparation followed by different methods of culti¬ 
vation, which includtvl hoeing only, harroiving only, cultivating 3 
inchi*s deep, 6 inehi'S deep, 0 inches deep followed by 3 mch(«s dei'p. 
and (c) variations in number of plants per hill with uniform spacing 
betwei'n hills 

The pcrcent^e of oil and ammonia was deteimined on all sam))l(>s of 
cottonseed, with the following rc'sults: (1) Nitnigi'iious f(‘rtili/ers 
decreased the percentage of oil in the seed but lncr(*ased the percentage 
of ammonia; (2) phosphorus and potassium w’luui us(*d separately 
gave no increase in oil percentage, but when ns(*d togetlu'r gave a 
slight increase, although its significance may b(> questiom'd; tin* per¬ 
centage of ainmonia was unaffi'cttHl in either ease; (3) green munurt's, 
like comra(>rcial fertilizers, increased the iiercentage of ammonia and 
decreased the percentage of oil on the basis of their nitmgen cont(>nl. 

The different metliods used in jireparing the seedbed, cultivating 
and spacing show(>d little if any influence on the percentage of od and 
ammonia in the cottonseed. The quantity of oil and ammonia pro¬ 
duced per acre was influenc(*d somewhat* by the different cultural 
practices, but any advantage of one practice over another is belter 
measured by the quantity of oil and ammonia jiniduced on the basis of 
acre yield than by the percentage of oil and ammonia in the <s>tlonseed. 
Nitrogen in whatever form applied increased the ammonia eonti'iil of 
the cottonseed. 



further studies of the photoperiodic behavior 

OF SOME MINTS (LABTATAE)* 

II. A. All\iii) 

Svnfor physiologist, Division of Tobacco Invcstigallons, Bureau of Plant Jndustiy, 
Vnited States Deftartmenl of AgricuUurc. 

INTRODUCTION 

Tlio following paper is a partial report of studies of some of tin* 
members of the Labiatae begun long ago, the results of wliieli, in 
part, have b(‘en reported in a recent i)aper.^ 

in the jwesent papeu* a report is made upon a nuinbcT of w(‘]l-l\no>Mi 
eorninercial species grown in the United States for their valuable 
aromatic oils. It s<»ems iiarticularly desirabh' to learn as much as 
jmssible of th(‘ ecological requirements of these commercial spesdes, 
some of whicli are rather extensivedv cultivated in certain r«»gions of 
the United States at the present tune. 

Sinc(‘ cultivation of some of these mints may be extended and 
problems of crossing that are being inv(»stigated r(»quire a timely 
synchronization in order to secure flowers and pollination of certain 
species that do not normally have tln^ same flowering season, the 
following data may ho of some interest to those engaged in such w'ork. 

MATERIAL' AND METHODS 

The following s|)cci(*h and strains w«*re used in the work lu^rein 
n‘port(»d:^ Monatda didifma li., A/, punctata L., Maitha amnsin L., 
M. citrata Ehrh., M. pipinta L., M, Npicata L. (M, rlfldia L.), and 
M. piperita varJ 

(lumps of each of thes(» plants were taken from material growing in 
lh(» held at Arlington, Va., on May 1, when tin* plants had just started 
to produce new growth. On this datt* good-sized chimps wtic trans¬ 
planted to large, galvanized-iron buckets of 14-(|uart eajiacity, and 
the tests w<‘re begun May 2, at the Arlington Experiment Farm, 
Arlington, Va., at approximately lat. N. and with a maximum 
length of <lay of 14 9 hours on dune 21. 

Jicngths of day of 10, 12, 12'*, Id, ld\., M, 14)1 hours, full <la\ 
l(‘ngth, and IS hours were affordejl the plants. For all ])lants, except 
those receiving IS hours of illumination daily, natural daylight wai- 
used. For photoperiods of 10 to lUj hours melusiye, the* natuial 
daylight period w'as shortein*d by means of \entilat(*d hghtiiroof 
houses into which the plants wen*’ run on a rigid schedule each day 
to obtain the required number of hours of daily exposure. For this 
purpose large ventilated houses wen* used, i'quipp(*d with tracks 
upon which large movable trucks bearing the containers were mounted. 

‘ |i)i piibIi(‘riTi(in Ma\ J I'SI 
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B(‘foro ilw roinpletion of the experiirimts, Oio longer daily ligld 
periods wove t(Tminatod by the natural sM'asonal sliortening of the days. 
Aft(T this time the plants experienced the normal length of day witli 
its daily decreim^nts until th(‘ leasts were discontinued. On the basis 
of the periods between actual sunrise and sunset, tin* 14}l-h<)ur day 
was tenninated l)y the* seasonal shortening on July 211; the 14-hour day 
was tenninaU'd on August S: the Kljs-hour day, on August 21; the 
i:Miour day, on Septeinlier J; the 12'/^hour day, on September ITi; 
and tiie 12-hour day, on vSeptember 27. However, b(‘fore and after 
sunset there is sonu*' (‘fr<‘ctiv(* light that may (*xtend th(‘ length of day 
pcM'haps }»to -'i of an hour. If this increase* amounted to K of an hour 
<*ach day, the 14^2-hour day would not terminate until August i;i, 
and the 14-, 1 .‘1 *r, I *1-, 12)r 12-hour days would extend to August 2r), 

September 8, Septembei 19, Oetobei 1, and October 12, respectively, 
a period amounting to a little more tlian 2 wcM'ks longcT than wh(*n 
sunrise and suns(‘t alone* an* considered as d(*limiting the efr(*ctive 
daily light p(*riod. 

The* 18-hour exposun‘s required the* use* of artifie*ial electric light 
from sunset, and the duration of this siipplem(*ntal light was regulated 
automatically by time clocks and switches, to afford an unbroken 
])eriod of illumination up to 18 hours (*ach day throughout the s(*ason. 
As the length of day naturally declined after Jutu* 21, when the maxi¬ 
mum length of day w'as attained, the peiiod of artificial lighting was 
increased to compensat<* for the natinel d(*er(*nu*nts from week to 
week, just as it was decr(»ased before June* 21 as the seasonal day 
incr(»ased. 

The artifi(‘ial suppl(*mental light w^as suppli<*d by four 2()()-v\att 
gas-filled tungslc*n lights fitted wdth bowl r<*flectors, otk* light being 
placed at each comer of a square* metal frame* wdiie*h was f(*e»t eui the 
side fremi ce*nte*r to e*e*nte*r e>f the lights. The* lights were* sei uirange*el 
that they could be* laise'd or le)we»re*el, anel we»re* ke*pt at a elistance e>f 
I foot above* the* plants. The* light inte*nsity e)f the* are*a be*ne*ath 
this square at a elistance* e)f 1 fe>e>l aine>unle*el tei abenit 800 to 400 
fe)ot-canelle*s, as me*asure*el by a We*ston illuminat.iem meter, ineule*] 1740, 
e'quippe*d with a Visceir filte*r ele*signe*el t.e> measure* e>nly visible* raelia- 
tion. 


EXPERIMENTAL RESULTS AND D1S(T\SS1()N 

(ireat elifre*re*nee*s WM*re* ultimate»ly reve»ale*el in the* be*havior eif the* 
\arie>us mints te*sU*d, some* re*maining ce>mple*tie*ly ve*getative* anel fail¬ 
ing to fle)we*r ein the* shorter lei^gths eJ elay. There* we*re* also marke*el 
eliffere*nce‘s in the ])re)eluction e>f the* pre>strate*, e*longate tyiie* e>f super¬ 
ficial steJeins, wdiich se*rve* as \e*ry e*fficie*nt pie)pagating units in the 
natural e*\te*nsion eif the* e*e)lonie»s 

In table* 1, the characte*iistie* be*havior e’f the varieuis spe*cie*s e>b- 
serve'd is sheiw’ii. 

The* two Monarda sp<*cie*s te'ste‘d, J/. didgma (fig. I) anel M, punc¬ 
tata (fig. 2), are native Anje*rie*an spe*e*ie*s, the* forme*r be»ing kneiw'ii 
as Oswe'go te*a or Anu*rie*an be*ebalm, se>me* forms eif which are highly 
pii74e*el as showy garden eirname'iitals. Th(*se, unlike* the* Mrntha 
spe*eie*s, elo ne>t jiroeluee le>ng trailing e>r preistrate* steJons wuth lemg 
int.ernoele»s and re*duce*el Ie*ave*s. 
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Tablr 1 - Time of flow(nnQ and growth hthavior of sptrtes of Monatda and Mintha 
tn n^ponbe to diffomt constant dadg light ptr^odi and Jull day] 
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T vBLb 1 Tmi of flomnng and growth behavior of tsr^^cus of Mown da and Mentha 
in ri'tfwnsf to diffcnni constant daily light periods and full day -Contiiiuod 
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Tho iy\o sp(‘cu‘s of Monaida (table 1) behaved as typical indetei- 
muuite oi day-neutial pbints, since the time oi ilo^eim^ and the 
increase m hemht appear to have bc'cn little aftVeted by maiked 
(*hangi»s in U'lij^th of day Theie may have bcM»n a tendemey to llow(*i 
soinc'AAluit eaily on the lon^ei Iijjht periods, but tin* t(‘nd(Miev was 
not pionoun(M»d 



Fhiinih I Momndn didynia h (\posfd to \an()Us du\ IdiKllis lO-lioiir cltt\ 
Miiddtd .IiiiH 21 floufifd fiih 15 at 2) iiichc s 12-houi cU\ \i\(i liiiddid, 
iio< iKiiiiiii] l«i-h(mi da> Huddtd Jiiin 15 flout ud Jiil\ 5 at 2S nirlus 

ll-houi da\ Itiiddcd luiu 11 floutnd )ul\ 1 at 20 iiielus IS-lumr (ia\ 

ItiiddcHl JuiH 1 flout lid .Iiil\ 2 at 28 iiichfs lull da\ {V) huddtd Jum 
II flout ltd Jiih 5al 2f» iiitlits itsts began Ma\ 2 riiotogiaiiht d .Iul> 2’> 

ScwcMiil speties ol Mrntha (table 1) sliow deeicledl^ lon£?-day tc'jiden- 
eit's This IS indicatc'd b\ the eomplete lailiue of floweii]»p: as th(‘ 
days were shtatcuitul, in the ease of 1 / of rata, Af pijunta, and 
M *ipicata 

In Ahritha arrer^sIi^ (% 3) and mil/ piperita var (%. 4), a possible 
liybiid, lilt* long-day lelationbhip is seaieely evident, since floweung 
eontinucsl down to the shortest peiiod of JO lioiirs of eojistanl dailv 
illumination E\c‘n hese, howeves, it is to be noted that flowcning, 
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111 the case ol M piptrifa mu , was slightly aihaiu ed by the long dav 
of 18 honis In this spec les a maiked letaidalion ot glow Ih took plac c 
with respect to the c*iect blanches of the ]>laiit on the shoitei da\ 



1 K I lo 2 Monauht fmnrfata I < \pos< d to \ in )u•^ da\ IdiKths 10 lioiii dm 

Hudded lutu 20 Oowcrid liint 2C it 12 hoiii du Piidd d luix 

I') Oo^tnd hilv 10 \\ 2(i uulus 11 lunii dm lliiddfd hiiu 11 tlowci d 
huK 2S it 22^ Indus 11 lioiii dm Uudded Inni 15 ilnwf t d luh 2^ at 

2S Indus lSlinutdi\ Huddid luiu 11 llnufod hiU 2 it 20 indu s lull 
<lu\ (C ) lluddid fuiK 1 flowind luh 5 it H uulus lists lx gin M i\ 2 
Plintog! ijdu d luh 25 

lengths but tills iitaidnlion i\.is accotnpanud a d cidcd indtasi 
in the lotinalioti ol stolons both as to nunilxi and lingth This t\p( 
ol stein K picsi Ills I ])iostiat< foiin of ste in glowth te ncling towaid a 
nioie piiieK Aegetatiie (\])iession since these steins aie chaiae ten/e el 



1 jc I 111 3 \Jtfithn (ntnisis 1 ixposid to \ nious d \ lengths 10 lioui dm 
Padded Juh 20 floweTiel Iul\ 20 it 21 mdi s 12 hnui dii Miidd d \UKiist 
2 llinieied August Tat 2Siiu1un 1 3 lioui d i\ Buelded lull 20 flowired 
luh 29 it 2S Indus 14 houi eli\ Hudded luh 22 llowiied Julv 2^ it 32 

iiidu-^ IS hour dii Hudded AugiM 7 llowiieel August 23 it 12 indies 
lulldii (( 1 Hudded August 7 lloueied August 27 it 3huidu'^ lestslHgin 
M i^ 2 Photograplu (I Jul\ 2) 

b\ lengthened jnleineieies gicutly icelueed leaves, anel a lleiwtiless 
condition The last-nainenl tciidii)c> weiiild indicate a maiked leduc- 
ticm in sexual lepioduc tive emigv and to this dc'gice the short davs 
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were unfavorable to tlie development of larfje vifjorous piniils and the 
formation of lloweis. 

Mentha arminin gives more indieation of being an indeterminate or 
(lay-neutral tyi>e of plant than any other hp(*eies of this genus shown 
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ric.irKE 4 -Mtnihn piptnin \ur e\pt»sc*d to \aiioiis (Ia\ OriKinali.v 

ohtainod fioiii (ir KMishoro, N jitohaidy a Mirioty of A/, piptntn 

10-hoiir da\: Huddrd .Jul\ 20, tloworcd August 5 at 23 inches. 12-li()iir dn\ * 
Huddl'd .Iiil\ 20; flow prod'.IUI3 30 at 27 inch<*s 13-hour da.\: Huddod .lul^ 13, 
flowered Jul> 23 at 30 uirhes 1^-iiour da\: Budded .lul> 13, flowered July 20 
at 30 iuciies IS-hoiir da.\: Budded Jul\ 10, flowered July 23 at 32 iiichi's 
Full day (C'). Budded Jul^ 0, ilowen'd Jul> 23 at 2.S iiiehc's. Testbegan M:i\ 2 
Photographed July 25. 

in 1. This strain of il/. amnsiti has g:iv(*n some indication of 

delay in Howcring: in response to the lon^cT lij!:ht ])eriods, and tliere has 
hcMUi a rather consistenl increase in height of stcun Th(‘ nninl)er of 
stolons ])ro<hiced has shown no particular relation to length of da\ 



I'locKEr) Ahntha ntlain hUrh expi^sed to yarious day lengths. in-hourda\. 
-Never budded 12-hour da\: ^e^e^ budiled. 13-1 our day: Budded August 
27; flowered Sejiteii bei 23 ill 2Sjj inches 11-hour day: Budded A.uffusi 23; 
flowered Septeii ber 23 at 31 incdies. Is-hour day: Biicided Julv 20; floyyered 
SepteinbcT 3 at 3J inches tnll day ((*': Jtudded August 11; floy\(»red Septen - 
bcT Hi at 31 inehes Tests bi'gaii May 1 Photoarajihc'd Jul> 25 


Mdliha ntiaiii (fig. 5) is typically a long-da> tyj)e of plant, failing 
to hud or flower on daylight pc'riods of 10 and 12 lioiirs and flowering 
after great dc'lay in response* to 13 hours, 14 hours, and the full huigth 
of day. The* long(‘st light pericul of IS houis hastened (lowering in 
advance of all others, an amount ecpial to 20 days over lliose jdanls 
cxpericneiiig ]:> and 14 horn’s of light daily. 
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On tlie sliortoi* lengths of day, more ('specially those' of 10 and 12 
liours, wlioiT flowc'rinji: was inhibitc'd, tin* cn'ct Uowi'rloss stems wyre 
wry l(‘afy, and stolon devc'lopiiK'iil was very vi^rorous, indicating 
that th(' ('j)(‘rp('s of f^i-owtli wi'ie almost piin'ly vi'jretative. 

With 18 hours of Ji^ht daily, vejretative (‘xpn'ssion was n'diH'c'd, 
and s(*xual n'])roduction or (lowerinji: hirarm* the dominant ('xpirssiou, 
aecoinpanii'd by W(»ak stolon devcdopnu'nt, which is always a purely 
vc'^relalive ])hasi'. 

Metifha pipvnUi (fij^. 0), thi' true p('])permint of (*ommerce, is more 
pronoimc('d in its loji}i:-day tc'iidencies tluui At, vltraUi, since' no buds 





Kt<Ji Kr a ptpatia L (peiiporinint) e\|)osc‘d to \arioUh day J('n#fthh. 

KHioui dji\: Xi*\(T heddcci l2-h<Mir l!H^: Xe'M'i* ))iidd(Mt. n-i-ljour : 
XcMT l)udd('d ll-liour da^: Hiid«led Jnh III; flo\M'jed .Inly 29 at Ill inches 
IS-liour <la\: Hudded .liih 12; flowered Jnl\ 29 at 27 inches. lull da\ ((’): 
lludded .]ul\ 9; flowered .Iul\ 29 at .‘II incln^s Ti‘sls boKan May 2 Photo- 
^rapheri August 21 

were produced until a h‘iij»lh of day of 14 hours had bec'U ('\|)erie'nc('d. 
Flowerin*; was entirc'ly inhibited in the tests invoKinp; 10, 12, and lo 
hours of li^ht daily, no buds beinj:: formed jn ri'spmise to these rijj:lit 
periods. With 14 hours of he:ht, 18 hours, and full day, buds and 
ilowc'riiif’: oecurred at about the same tune. Kven with 14 hours of 
hj^ht daily, flow('rs we'ie barely able to d('^('lop, (uu' stem alone finally 
producing a few llowc'rs and all otlu'i* ste'ins r('mainin^ purely 
\<*j>:('lativi'. 

There was a vi'ry notieeabh' diffeiviu'e in the behavior of the plants 
e\|)eri(‘neiini: full day as comj)ar('d with those* (‘xpc'nencinji: 18 hours of 
lij^ht each day. Tin* foriiK'r had entin'ly ceasc'd flowerinj: by Si'pti'in- 
Ix'T If), wdu'H'as lh(‘ latter wt*re jn full Howm'i- and \ery floriferoiis. 

Stolon formation was esjH'eially vij^oroiis on tin* 10- and 12-hour 
tests, wlien* llowc'r deNclopnu'iit was inhibited, but had b(*^un to 
decrease* w’ith 18 hours of li^ht. With 18 hours of lijrht and with full 
day, stolon formation hael re*aeh(*d its lowc'sl value's, both in numbe'i* 
and in h'njjth. 

Mdithd pijnrifa appe*ar*-’ te) be a spe'cic's most fave)re'el by the* lonp 
days of hij'li latitude's with re'spcM't to llowe'rin^ and the* |)roeluctie)n of 
e'le'ct le'afv stems. In the Washinji:ton iv«;ie)n lle)W('rins was ratlu'i* 
brie'f on the* full h'nfi:th of day. 

Almtha spivata (M. riridis L.) (fifC. 7), produciii}:: spc'armint oil, 
llow'('red unde'r ail leuigthsof day (*xc(*pt that of 10 houi*s, when no buds 
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were* produced. Tlicrc appeared to be some <lelay in lloweriiig: with 12 
hours of lijjht, a response perhaps to be expected since' the sliort 
day of 10 hours hud yielded a purely vejretalive exprc'ssion. Stolons 
were very numerous and long on the shorter h'ligths of day and were 
much fewer and shorter as the longer daylight periods were experi¬ 
enced. Spearmint gives stronger indications of an adaptation to the 
shorter days of l(»wer latitudes than peppermint {M, piperita) has 
sliown. 

The plant designated Afeatha piperita vur. flowered iiniler all lengths 
of day in the tests but with perliaps a slight d(‘lay with 10 hours of light 
<laily. On this short light period there is evidence that v(»getative ex- 
ju'ession was being favonsl, since stolon devc'lopinent was hc*aviest and 



Kkutkk 7. M(nlhn spicata b. {M vuidih L.) (hpeamuiiDlJexposcc! to Aarious 
day lengths 10-hoiir da>. Never budded. 12-hour da>: Jbidded .kil> 1, 
llowered Jul> 29 at 25^ ludies. 13-hour da>: Budded June 21, flowered Julv 
12 at 25 inches. 14-hour day: Budded June 19,fioweied Jul> 7 at 20 inches 
18-hour da.\: Budded June 18, floweied Julv 8 at 29 inches. Full day (i’): 
Budded June 15; flowered Jul> 10 at 27 inches Tests began Mav 1. Photii- 
graphed August 21. 


the longest runners were produced. With each iiicreasi' in length of 
day above 10 hours, stolon development declined until with IS liours 
of light only two short runners developed. 

If this mint represents a variety of Maitha pipirita, it w^ould appear 
that the w’ule range of flowering, extending far down into the shortest 
light p<'riods, is more nearly like the behavior of Af. arneat^is than that 
of M. pipd'ita (table 1) and indicates the marke<l differences that 
closely related varieties of a’^.pecii'S may show in their reaction to the 
factor of length of day. 

CONCLUSIONS 


Th(' present paper shows the day-length re(|uirements of a number of 
strains of spc'cies of Alonarda and Afentha grown at thi' Arlington Ex- 
pi'i'inient P"arin, Arlington, Va. Some of thes(» are of Old World origin, 
and a number, including Alentha npicata and A/, piperita, are tlior- 
oughly naturalized in the East. 

Alonarda punctata, Alentha spicata, and Af. piperita «)ccur wild in 
the District of Columl>ia; Afonarda didyma occurs wild in the adjacent 
anm of Virginia. 

Some of these mints have very definite length-of-day requirements 
for flowering, and the various species differ widely in this respect. 
Some are obviously best adapted to northern regions with long days, 
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while otlu^rs can flower n'adily in lower latitudes where* much shorter 
summer days i)revail. 

The species Monarda ppuctaUi and \L didyma have flow(*re*d rc'adily 
under all light periods and behave as indet(*rminato or day-nemlrul 
])laiits, their flowt*ring being little uHeeted by the huigth of the daily 
light periods. On the basis of their readiness to flower in response to 
various day lengths, ranging from 10 to IS hours, jt sliould be ex¬ 
pected that both speck's would have* a wide natural range of elistribu- 
tion semthwarel and northward. Tliat sue^h is the e'ase is shown by the 
fact that M, didyma is founel fre^m Quebec, (^inada, to Florida, and 
M. pvnetata freun New Yeirk to Florida and Texas. It is prot)able that 
at the limits of thc'ir range, in both the e'xtre'ine ne)rth anel the* e'X- 
trenie' semth, the temperature faetoi's may play an iinpe)rlanl ])art in 
their eU'limitation. 

The* several spe'ede's of Mentha, for the ine>st part, are typical long- 
day plants in their day-length response's, since some*. fle)we'.reel more 
epiiekly when the leinger lengths e)f elay were* e'xpe'riene’e'el and eithem 
flowe'red only uneh'r the'se* le)nge'r day h'ligths. Of the five* strains or 
spe'cie's te'ste'el, Af, pipnita showc'el the me)st pre>ne>iinee'el re'ejuin'ment 
fen* lemg days, since flemering was not initiate'd e\e‘n veith hours e)f 
light elaily and Ho>\ers wc*re bare'ly able to form when the* plants we*re' 
given 14 henirs of light elaily. In the e^ase e)f il/. cilraUtj the le)wer 
limits of fiovering we're she>wn with 12 hours of light elaily, anel plants 
of M, spicata faile'el to lleiwer wdth 10 hours of light elaily. 

It is iinpeu'lant to re'cognize the' fae't that the plants of the various 
spe'e'ie's te'ste'd ])robably re'pre'se'iit particular strains in all instane*e*s and 
tliat tlie'se* re'sults woulel not ne'ce'ssarily a|)ply te) all ejther strains of 
llu'se s])e'e*ie's fe)unel in this e*ountry eu* in the ()ld Weirlel. 

As lias be*e'n inelie'ate'el, most of the strains of the Mnifha spe'cie's 
dealt with in this pa|M»r have shown more e>r k'ss pronoune*e'd lemg-day 
re'ejiiirenients se> far as free* (lowe*ring is emiecrne'el. The re'cognition 
e)r this fae't is of much importane'e' te> the* plant bri'e'ele'r whe) may he>])e' 
te) liasten the* fIe)W’ering of certain spe*cie's eir te) syne'hronize their lleiWM'r- 
ing te) be'st aelvantage* feir purpeise's e)f re'aely eceissing by me)difying the* 
elaily light perioel. It is obvious that she)rte'ning the elays to haste*n 
(le)W'ering in some* of the'se* spe*e*i('s, as one plant bre*e'eler inte're'stc'd in 
mint bre»e'eling infe)rine'el the* writer he had eletiie*, is anything but the 
corre'ct/ preice'elure*. 

The writer^s stuelie*s e)f tlie*se mints have* be*en ce)ne*e»riH*el e)nly with 
the e*cology of gre)W^th and fle)we*ring, but the jere'entage* yie*lels e)f are)- 
niatic oil and its ce)mpositk)n in ivlation te) the* varie)us le'iigths e)f elav 
we)ulel also have* be*en of ceuisiderable intere*st. 

It is e'vielent that the* varie)us spe*cie*s have she>wn streingly contrast¬ 
ing re»spe)nse*s to the various k'Ugtlis of elay, anel it is true* gene*rally that 
where flow^(*ring was iiihibite'el on the shorte*r elays sUilon ele*ve*lo])me‘nt 
and c'longation were* favoicel. 

The spe'e'ie's of Mattha fe)r the most part ])roeluce* two type's eif steuns, 
e)ne of e*re'ct habit bearing the*, normal le*,afage* anel capable* e)f pre)elucing 
llow’^ers uneh'r suitable e*e)nelitions; the e)the*r a preistrate, steilonife'rous, 
nonfleiwering type, with long inte*riie)eh*s anel siriall h'ave's, whie*h may 
grow to e'xce'ssive k'ligth and root re*adily along its I’ourse wdie*n in e*e)n- 
tact with the gi-e>uiul. It is obvious that the latte'r is a strk'tly ve'geta- 
tive, propagative' type of ste'in, which serve's te) extenel the colonie's 
inte) ne'W nre'as. 
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Such evidence as has been seoure«l wcmld indicate that, with sup- 
pr«*8sioij of the flowering tendency under shortened day lengths, the 
K or otom dovaopment» fovoml. An “*o ^onOmlion 
of this type of stem, with restnetion of erect stem growth, obv lously 
wouJ<J temi to Jower the production of plant 
conscquentlv the yield of aromatic oil. It would appear, 
maximum yields, percentage composition bemg equal, would obtain 
in those ari*a8 most favorable to maximum erect 
to a ^**^-‘* r(»lato<I to favorable length of day. 

optimum conditions of tlowering and for early tlowenng loijg days are 
essential. This is probably one of the principal reasons why pc»pper- 
rnint (Afentho pipenin) succeeds best in northern latitude's. 


SUMMARY 

The lenglh-of-day re<iuiremenlsof a numb(*r of mints (>f tlu' genera 
Momtrda and Mentlui of the family Labiatae w(‘re stiidiesl, tlie range' 
of pholoperiods being 10, 12, 12/^, 13, 13}2, 14, 14^2, 1^ hours, and 
lull day, at Arlinglem, Va., at approximately lat. 39° N. 

Natural daylight was use'd for all pholoperiods except that of IK 
hours, tliis being much in e'xce'ss of the longe'st natural day at Washing¬ 
ton, I). (\, which on June 21 is 14.9 hours. 

For pholoperiods of 10 to Wo hours, inclusive, the plants w'('re» kepi 
in ve'ntilate»d lightpreiof house's for delinite periexls each day to obtain 
the de'sired numbe'r of hours of daylight expeisure*. 

For the 18-hour photoperieid, artificial suppleme'iital light was 
afforde'd the plants by four 200-w»alt gas-filled tungsten lights fittc'd 
w ith bowl relie'Ctors, one light being placed at e'ach coriu'r of a square 
nu'tal frame 3 feet on a side from center to center of the lights. 
These lights were* ke'pt at a distance'of I foot from the plants by raising 
the supporting metal frame as needed. The light intensity^ thus 
aflordeel was about 300 to 400 foot-canelh'S as measured by a Weston 
illumination meter, mode»l 1740, e'quippe'el with a Visceu* lilte»r me*asur- 
ing visible radiation only. 

The spe'cies studied wwe Afonarda didyma, M. pvnetafa, Afmtha 
amnfiiftf M. vitraUi, AI, pijxriUh AL spiratOj and a variety ol M. 
piperita. 

Most of the'se mints require long days for early profuse flow’e'ring, 
but the various Alenfha spe'cies, which are characterized by the* forma¬ 
tion e)f long stolons under some conditions, show* accentuation of the 
stoloniferous habit in some instances on the shorter days. 

The two Afonarda species. A/, didymn and Af. punctata, are day- 
neutral or indeterminate in their behavior, since the most extreme 
dilFerences in the length of the photoperiod had very litth' c'lfect on 
the height and time of flowering. 

Afintha cifrata, Af. piperita, and A1. spivata have shown the most 
clecided long-day tendencies, since flowering was inhibited entirely 
on shortened days. Of these, Af. piperita was most favored by long 
days, since only the pholoperiods of 14 hours, 18 hours, and the full 
day allowed buds and flowers to appear.^ 

Mentha artemin and a variety of M. piperita obtained from Greens¬ 
boro, N. (\, produced flowers even in response to the shortest 
photoperiod of 10 hours, and to this extent both are inclined to be 
indeterminate or day-neutral in their length-of-day responses. 
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INTRODUCTION 


Tliat cliflVnMiti kinds of soods respond differently to j^ermiinition 
temperature lias lorij? been reeojjuized. The work of Croek(T (/, 2y^ 
iiulieated that tlu^se responses are not only assoeitiied with the he- 
liavior of the eeils of the em])ryo, but are compliealod by the eoat 
r(\st riel ions. It may be assumed that some fundamental prineiples 
are involvcnl in thes(» varie<l responses of diffen^nt seeds. A knowledp:e 
of tlie detailed behavior of many kinds of seeds tliat have different 
adaptations is needed l)efore valid generalizations ean be made. A 
study of tlie \\(‘ll-reeof>:niz(‘d special jrerminalion requirements of the 
se(‘ds of imuiy we(sls shouhl furnish information of value in solving? 
tli(‘ f?en(U-al probhun of seed fjjerinination. Also, a knowledj'c* of the 
faetors influeneiuj? the ^Termination of se(‘ds of specific W'eeds should 
aid in their eoiitrol. The seeds of the two eonunon erabjrrasses 
hlffilarla iscitaemum (vSelireb.) Muhl. and 7>. Matiguhialin (L.) Scop. 
wer<‘sc»leet<‘d for study.** 

Only iiiei<h‘iital r(‘ferenees in the literatim* to the jTermination re- 
(juinulieiits of Digifana have* l)e(*n found. Wel>er and Kirehner (J5, 
p. 282) mention that ^Termination of the seed of I), mngyinalifi is 
slow and that li^ht is re(|uired. Ilealinjr the seed at .So® C. bad a 
beiiefieial eff(»et in hastening germination. Kdwanls (f ).has reviewed 
the literature on the relations of temperature to germination of various 
seisls, dealing mostly w’ith the n‘S])onse to temperatures maintained 
at a eonstaiiti level; llarrington (S) has refernsl to the <*arly work on 
the eff(*e1 of daily alternation of tem])eratures on seed germination; 
and Morinaga (18) and many oth(‘i*s have pn*sented w^ork on this 
phase of temperature relations. The benefieial effect, of preehilling, 
I. e., holding the moist seeds at a tempiTature slightly almvi* freezing 
b(‘fore subjecting them to ordinary temperatures for germination, 
was first described by Davis and Rose (S). The method has beeji used 
l)V many w^orkers for various types of retanhsl g<*rmiuation of seisls. 
Th(* <*hanged response of many seisls wdth age after harvest has bi'cn 
noted by various wTiters. Harrington (?) has reviewed the early 
literature on the afterripening of cereals. Kearns and Toole (U)) 
have recently followefi tin* change w'ith age of the response of fescue 
seed to altiniiations of ti»niperature. 
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MATERIAL AND METHODS 

Sm/ rollrctiotiii wore mndr in 1035. 1030, 1037, and 1038 from fcrow- 
inff Diffiiaria pliuits by lightJy rubbing? tlw mature inflorosconrcj to 
remove only tin* inaluro soods. Tlio sood was rloaiiod to rriiiovo flmlT 
and undrvolopod fruits and stored in paper baj»s in the laboratory. 

The ‘‘seed’' as used in these germination studies eonsisted of the 
mature fruit or earyojjsis enclosed by the close-fitting cartilag^inous 
lemma ami palea aiid the persistent second ^lume and sterih* lemma. 
Because of tin* uneven ripening of the s(‘e(l of these grasses and the 
t<»ndency of the s(»ed to fall from the plant as soon as it was fully 
mature, there undoubtedly was a considerable and variable dep:re(» of 
immaturity in the material use<l. 

All j'c'rmination tests w(‘n‘ carried out on moist(Mied pap(T tow(»lin^ 
in Petri dishes. Alternation of temperature was obtained by trans- 
ferrinjr tin* dislu‘s from onc‘ controlled-tempcu-ature chamber to tin* 
other. The first-mentioned temperature of an alternation was main¬ 
tained for approximately IS horn's and the second for (i hours each 
dav. Se(‘dlin^s that had (h^veloped a chdinite root and j)lumule W'lTe 
(*ounted and removed every 7 days, and results usually are reported 
for 28-day periods. 

The temperatun* of ^<»rminatioii chambers above room temperatun* 
was mainlaiiK^d by tluTinostatically controlled cdectric lamps within 
the chambers. No attempt 'was made to exclude lijrht e.xcept in special 
tests in which tin* Petri dishes were enclosed in tin l)o\*‘s. Definiti^ 
exposure* to lif^ht was made only at the condition desifjnated “20° to 
80° with lij?ht,” in which, for the approximately 0-hour period at 
30° (\, the "ennination t(*sts were carried on in a jrlass-iMielosed 
chamb(*r in a north window. 

EXPERIMENTAL RESULTS 

Preliminary tests in 103o at various ten)j)(*iatures indicated that 
fr(*shlv harvested seed of both Jligitaria iHchaanutn and />. i<atiguinaHi< 
w'ould remain for several w'(»eks with practically no p*rnniiation und(‘r 
conditions ordinarily favorable for ^germination, but that wdien 
nation liiiallv started it proj^ressed steadily althoupch slowdy until 
practically all (90 98 percent) the viabh* s(*ed had ^(*rminat(*d, wdiich 
n*c(uin*d sev(»ral months. The final ^eimination wuis about llu* same 
when thes(»ed w as maintained at different daily alternations of lemper- 
ature, but the coiirsi* of germination w’^as v<*ry different. Pr(‘chillin^ 
the seed shonened the time before j>:ermination started and hastened 
the rate of *cermination. Tests started after the seed had be(*ii 
stoied dry for 2 months in tin* laboratory show(*d a maik(*d chanfi:e in 
the course of ji:(*rmination. 

These* i)r(*liminary results led to a more detailed study M) of the 
comparative* n*sponse of the two specie*s to a series of dailv alt(*rnations 
of tempeiatun*, (2) of the chanjje of this r(*sponse as the seed asreel, 
and (3) of the resjxuise of the s(»c‘d afti»r piechillinj? for various peiiods. 

KI-TECT OF SKVKFAL TEMPEKATUUE ALTERNATIONS ON GEKM1N\TT()N OF 
SEE1> OF DIG1TARI\ ISCHVEMUM 

Fkkshly H \kvestbd Seei» 

fJeimiuation tests w eie started wdthin 2 days after harvestinj? in tlu* 
fall of 193r), 1937, and 1938, and foui alternations of t(*mperatun* 
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(20° to 40° (\, 20° to :tri°, 20° to :{0°, uad 15° <0 25°) nswl. 

Tho results of those tests, as preseiiled in 1, show eoiisiderabJe 
■» ariation in the iterniinatinn of (lie {li/ferent samples at a pivi'ii temper¬ 
ature. Tlie relative pnipi-ess of eoeJi sainjile is veiy similai for tin* 
several temperatures, howevei, ami it is believed that (beiiieansfoj the 
four sanipl(*s (fip. 1) repiesent with reasonable aeeiiiaey the relative 
ies|H»n.se to these temperature eonditions of the fleshly harvest eel seed 
of higl/orla ischannum. 

Tin* tt(*nerul forms of (he enrvi*s for j^erminatioii at alternations 
20° to 40° r., 20° to 35°, and 20° to 30° are similar. A more or less 
leiigtliy initial jieriod without germination or with only slight germina- 
(ion was follow<*d by a period of eomparatively rapid germination, 
after whieh the rati* beeann* miieh slower and the germination of the 



I K.i HL 1. Mean jitMiiiiniil H)ii of ftmi sainploKol frcshlx Nfc*d of Diffitnitn 

ischiunnfm at lour tiinporatnrc* alloniatnuis 


nunuiitiii}* (‘(uiliiuKMl (»Acr t\ wiy piMiod. Kv<»n during (hr 

period ()l eoni|)ur«ti\('ly rapid j?(*rnnnatioii, tlu* mean rate (I to l.f) 
])(Me(‘nl per da\) A\as \ er> shm in eomparison with the rate offrerniina- 
tion of ino^t ero|) seeds. 

Rapid frermination startcnl tirsl at tlie 2(1^' to 40° i\ alternation, 
about 4 we(*ks later at 20° to and aft(‘r another or 4 weeks at 
20° to .S0°. When w<41 started, p:(»rinination was for a time at about 
tin* same rate for thes(» three* <‘ondilions. Allhouj^h ^germination 
start(»d mu<*h later at the 20° to ;^r)° than at the 20° to 40° alt<*rnation, 
a smalh'i* i)ere(Mita^i* eif s(»ed remained imirerniinated at the forim*r 
lein|>erature alternation when the rate of ^Termination slowed dov n 
m the later part of tin* test. At the eonelusion of most of the individual 
tests at 20° to 40° a few apparently sound seeds remained, and this 
m jiieneral w as not t rue at 20° to 3.1°. At 20° to 30° tin* rate of j>:(*rjmina- 
tion fell niark(*dly after about .10 p(*r<*ent of tin* seeds liad germinated. 
Tin* dilferenei* in ^germination amon^ samf>h*s was jrreater at 20° to 30° 
than at 20° to }0° or at 20° to 3.1°. 
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1 \BLi' 1 Summnuf of couist of qnmtnahon of i ^atoptUs of Dhgxlana %Hcha(~ 
mum at ^ Uvnnralnu aUtruahons xihfn Unltd xmmnhatdq afUi haiKst 
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Al thr IT)® lo 20 ° (' allcination, p'liiiinalion \\.is not only slow to 
stall blit it ])ioj*ii»ss(»(l at a iniidi slower lalt* iJian nndi*! tlio otIuM 
trinpaiatiiK* conditions and thaiinal uoiinination was I(‘ss. T1 m» moans 
(d tiio ioiii sani])Ios indi(att* a faiilv^ iiniloiin lato ol ui^iininatjon, 
appioMinatt'l.v 2 jioKoiit piM W(M‘k boin Ibo twolltli to tlio loitiotli 
W(M‘k The total ^oiinination obtained at tlio 15° to 25° altt'ination 
was \(»i v diffoiont Joi tlio loin samples Tins ina,v m jiail lia\e Ixmmi 
due to undetected diffeieni es in ^eimination conditions in tlie difb*ieiil 
yeai'^ On the olhei liand, samples 7()b50t> and 7()()t01 wcai* in tin 
same chambeis at tin* same time and yet j»einiinaled M‘ 1 ^v dillVientlv 
at this tempeiatuie alleiiiation, althoui’h these same sample's belnned 
esst'iilially alike at 20° to 40° and at 20° lo >°. 


SlOHLI) Sj I-1) 

Germination tests staiti'd Septembei 211, 1935 (day ol seed colhx- 
tion), November 22, 1935, Jaiiuaiy 13, 1930, and Septi'inbei 30, I93(), 
on sample 75S522, J>a^ e lesiilts (lij^ 2) foi the tempeiatuie altei nation 
20° to 35° C that indicated a pioj^iessively eailiei stait ol j*eimmation 
for the successi\ely later ti'sts When the sei'd was a yeai old, ^eimi- 
nation was completed m 7 days, wrheieas with lieshly hanesteel seed 
germination extended over a jieriod of 224 dayrs 
With seed collected m 1930, tests in September and aj^aiii in Dei em¬ 
ber indicated a similar change in the iespouse of the seed In 1938 it 
was planned to follow closidy the chang:injr ^eimmation iespouse ol thi' 
seed when stoied diy in the laboiatoiy Ti'sts weie slaited (sample 
769350) the day the seed was collected, Septeniliei 8, and at weekly 



Jul> IS, IIMI 


*ritgri‘»in of Germination of Stnl of JUgitaria 


G9 


iiitcmils iLercaflor at 20° lo 40° C., 20° to Hf)®, 20° to 30°, and 1.')° to 
2.")°. By October it was realized that the iiiten'aJ between tests was 
too short to indicate'definite ehanf'c, but the supply of seed w'as so 
tu’arly exhausted that the series e<«ild not be extetnled. The remaining 
seed was tested on February 2, UWO. The r(‘sultH of these tests (table 
2) sufjgest that at 20° to 30° and at 20° to 3r»° the seed {!:<*nnina(ed 
better when testcsl tlie day it was eol]t*eted than W'hen tested 1 and 2 
w eeks later; however, the diirerene«*s are not lai'ge euoui'h or consistent 
eiiuufrh to be nior(> than sufiffc'stive. With this ])o,ssible exception tin' 
results from September S through October (i for 1.')° to 2.'»° and 20° to 
30°, and throuf'h October 13 for 20° to 3.')° and 20° to 40°, are fairly 
imifonn ami show' at least no marked chanjie in the response of th«' 



I’ll.I 111 2 Vro>»ii»ss of ftoriniiiatiou ni simmI Digilm in ischni /mini at 20*^ to S.")” C 
allornatioii wlion trstiMl at turn* ot hanostntft aial at dillornit datrs themiftor. 
Sainpio 7r)N,')22, colloctcd S(‘i)1i‘iu!)or 23, 1935. 


sjiin])l(s ()V(»r lliis pi'rioil. In K('bniai‘>' 1939 yorniinutiou was frmili'r 
in \A (lays than in il2 days for the (‘arlic'r l('sls anil tluav was V(d-y 
litllr dillVivniT in tlu» coiirsi' of ^iM'inination at the tlnw ti»mp('ratnri‘ 
altmiatjons 20° lo 40°, 20° to 35°, or 20° lo 30°. 

With sml I to 3 yi^ars old (samph* 75S522} {^iTiuinatiou was ossini- 
tially till' saini* at thi‘ four toinpiTatuiv altiTiiatioiis I'XTi'pt for slipjhtly 
slowor {rrmiination at 15° to 25° C. With sml 1 yoar old giTiuina- 
tion at 20° lo 40°, 20° to 35°, and 20° to 30° was approxiinatclv 95 
IxMviMit ill 7 (lays and was coinph'tcd (90 to 99 perernt) in 14 days. 
At 15° to 25° }i:(Mniinalion was approximately 95 |)<*r(*(‘nt in 14 days 
and ^\as completed in H to 21 days, l^lumuhs were notic('ably 
sh()rt(T in 5 days at 20° to 40° than at 20° to 35°. TIkti* was no 
('vidence of furtlun* olianpc in ivsponse of the s(M»d aft(*r 1 y(*ar. 
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T^HLL 2 Sitmmaty of gnnnnatwn at diffirmt lempeiaiuit aliernaiionh of seed 
of Digit ana tsthtumam u^htn it slid at sutctHsivt pi nods nftn harvini 
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* 1 ipun** in piMiillusis ifiif fmii inmntupis show nppioximiti pcriinl i|.i of ippirintlx souml sml 
renniiniin whdi l«s( w isdis(oiiliinnf| ‘ '"i 


PkL( IIILM I> S] hi) 

111 sludyinj; the p(l<Tt of tlu* s(»p(ls ])hu*(>(l on 

moistcnoil |)U|)(>r lovn-linsj: m IVtri dislics, mid lli(>s(> woo licld m « 
<*old cIjuiuIht nt upproximatidv S'* t’ (2° to foi x minus jicriods 
lioforc tlioy wiTo iviiioxod to tlu* iisuul uomimtitioii rliamlioi’s. Tlu* 
jjorinmatioii count was icckoncd Imiu the tunc the sml was moistened 
and pJaei'd at tlie low temperature. No sieinunatioii oeeuiied while 
the seeds weie at till low temperature 
A lew lepresentatixe tests are pri'sentiil from amoiif; the many 
earned out. The eouise of t'ermiiiation of freshly haivested seed at 
20° to 2.)° (\ after preehilliiu; is shown in fi^uie 3 for two samples 
collected in (liffci'ent years. 
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The freshly harvesleil seed of the two sanijiles behaved \c»ry iiiueli 
alike. I^rechilliiiji; for 2 weeks caused a small proportion of the seiMis 
to jjerminato more xjuickly, but. after th(‘se iiad jj:erininated the 
birther pmjjress of j 2 :erinina’tiou of the prechilled and noiichilled tests 
was similar, and there was a deiinite siip:pNtion of a lower final 
irermination of the seed that had been pn^chilh'd. Treatment of the 
freshly harvested seed at a low temperature for 4 weeks caused a 
much larjjer ])roportion of the seeds to jjerminate rather |)rom])lly 
after they W'ere subjected to a 20° to 115° C alternation of temperature, 
but even after this period of treatment a cerlam projiortion of the 




Kk.i hi: Piogress of ^(*riiiiiiution of fn*slily soed of Digitmia inth- 

at 2 1 to liri (’ aftor prcfliilliiiR at IV lorO, 2, I, aiifl S \\ec*ks .1, Sam¬ 
ple TtilMS, collected Septendier 28, ItWi; testN started September .30, lOMi li, 
Samplt^ 700.300, c<»llected Se])tember 28, 10.37; test- started Sejdember 20, 10.37. 

seeds was at least as slow’ to jjerniinate as the untreated s(*eds. Alter 
prechillinc: for S weeks, over 00 p(»rc(‘nt of the sc^eds ejcM-ininated within 
a week after removal to the hitclier temperatun* condition, and m*rmi- 
nation of the viable seeds was completisl much earlier than that ol 
the* iintr(*at(‘d seed. 

When the behavior of fresh seed is coniparisl with that of seed 
from the* saim* sam|)le after a))proxiiiiat(*Iy 2 months’ dry storj^e* 
(fijjjs. 8, ^1; 4), it i*^ not(»d that the older S(*(‘d after 2 w(»(*ks’ preehillin^ 
^erminat**<l almost as prom])tly as the fresh se»(*d aft(*r S w<‘e*ks’ 
treatment, altliouj^h, ev’^en with this edder S(*ed, a longer trealm<*nt 
(4 we(‘ks) at a lowM(*m])eralure brought al)Out (munpt j^erniination of 
a sliji:htly jjreater proportion of the seeds. 
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Tlu* seed rollwtod September 8, 1938 (sample 769358), showed, 
as piH'viodslv noted, no d(*finitely sifrnUieant difference in beliaYor 
when test<‘d‘without preehilling ot w«*ekly intervals from hejiteintier 
S to Oelolier 13. However the rmilts of tests made at these same 
intervals with seed that had been preehilled for 2 weeks after dry 
storage for 0 to 5 weeks (table 3) showed a pnigressively greater 
germination at tlie earlier germination counts as th(‘ seed bwame 
older. The germination in 28 days of S(‘e<l that had Ix'en stored dry 
for 4 weeks was 44 ])(‘reeiitage units higher than that of the seed 
trusted after 3 weeks in dry storage. Seed that had been stored 5 



FkiI RE '1. Progress of ^mniiiatioii of oldor of ingiUvm imlint itmm nl 20' 
to C. after prcHiiIliii^( at 3° for 0, 2, 1, and « »Siiiri]>]e 7<llStS, 

colJcctcd Septeiiiher 2S, I93(i; tests started December 9, 1939. 


^c'(»ks niul then jmTlhlled for 2 v^eeks gcM-inimited almost as j)ronipllv 
as se(»(l that hjnl been stonicl dry for 21 wet^ks but not jireehilled. 
These differenecs had hirjjely disappeared by the one hundreil and 
fortieth da^*^ of ^germination eount. 

The results stated above on tlte effect of preehillinjj liave Ixrn based 
on sul)se<|uent f»:ermination at 20® to 35® C). A eomparisoii of llie 
profjress of jcerminatioii at four temperature alt(‘rnations after pro- 
chilling the st‘ed 2, -1, and S weeks (fij;. 5) sliows that ilu* response' of 
preehilled seed lo temperature of germination was similar to that 
shown by untreated freshly harvested seed. However, the dilferenees 
ill germination res]H)nse at tlie four alternations were h'ss with the 
longer periods of preehilling. 
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1 VBii' 6 FfffCt of pftchdltng at ( fot J witks on tfn subsfqtoht qinmnatiov 
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Ml III of till ( tests St irlid it witkh iiUttv tJ fiomsiit s to Oit It lIlrlll^l\l 


Misf 1*1 i \Nl OT S ObsI ll\ MlONs 

III tlio (*ouis(‘ of the abovtMlesf iil)( I v^oik otlioi ohseiMitions weie 
inu(i( that siHMiiMOith teeOKliiii^ 

In the ji;(»neial loutiiu^ of testing, ailditional leasts weie made in 
>\hieh tile jiapei tdwehii^ was moistened with a 0 2-|>(M(ent solution 



TIME IN GERMINATOR (DAYS) 

I i( I 111 () Piiifrn^s Ilf f^i iiniii itiou of liishU hiiMstid sml id l)iqit(tfn 

isriianmnn at font It iiipi latuii alti iiuitioiis, im pipit lowilinfi: iiioisti m iJ 
with watii and with a 0 2-p( iii lit solulioti ot pota^sniin niliati at laih alti i 
lull ion AliuiiN of 200 Mids Im laih tiM, iMipt 400 suds usi d at 20 to i”) 

( SiiniiU 7tilStS 


ol potassium nitiate instead of watei The most stiikiiui: i(»sults 
Wide obtained with fieshl^V hai\este<l seed of sample* 7()1S4S (fie; (i) 
Theue was a elistiiu t hastetiine; of germination bv the use of ])Otassnnn 
niliate at the* 1")° to 2r»° V and 20® to dO® ternperatuie alteiiiations 
and on e*qualh slions» ledaidation at the 20° to d^)° and 20° to 40® 
alternations 

Difle'ierue m e:trmination belwerri si»e*ds titriterl with water and 
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stalls trcal(‘(l with polussium nitruto was not apparrnt at some of i\w 
t(»mp(‘rature alternations with some sani])les, bin w liem^ver a (lifl'en'iiec* 
oeciirred it was in the <lireetion indieated in iip:iire ti. 

A detailed study of tin* (dfeet of liji:lit t)n ^(Tinination w^as not made. 
Most of the leasts reeeived some lijrht from eJeelrie lamps used to lu‘at 
the ^termination ehambei-s and also from brief exposure durinfr transfer 
from <me temperature to another and duriiijt the eoiintinp: of the 
germinated S(‘(*dliiijts. Some of the scuies receive*] definitt* (‘\p*)sure 
to diffuse daylijtht during a portion of each ilay. In a few instanc(‘s 
tlu're w(»re paralhd tests in which direct li^ht c»xposurc was compared 
^\ith total li^hl exclusion l)y enclosing the tests hi a tin box. The 
r(*sults wen* soinewhat erratic and inconclusive*, and no definite or 
striking efr*‘cl of liglit on lh(*g(*rminalion of se<*d of Difflla/la ischaninim 
was observed. 

It is usually assume*! that retar*l***l g*»rminali*)n su**li as r**p*)rt*»*l her** 
f*ir DUjitaria is cans*'*! by r*'strictions *>f tin* s<*c*l *»r fruit <**»ats; lli**r**- 
for*', s*)me t**sts w*'re conduct*'*! t*» *l*'termine th** effe**! *)f niecliani*'id 
s**arification and treatim'iit with *‘onc*'ntrated sulfuric acid. Kubbing 
111 ** fruits with **ni*‘ry paper causi**| a slight hast**ning of g**rminati*)n 
in the first few we*'ks, but ab*mt two-thirds *)f tli*» s*'**ds wi*r** ba*lly 
injur*'*! by the tr**atni*‘nt. .Vft*'r tn'atnu'iits for ^ niinul** an*l f*)r 
1 minute with **on<***nlrate*l sulfuri** a**i*l, ap|)r*>xiinately tiO perc**nt 
*)f the s*'*'*l g<‘rminate<l in 2S *lays, at wlii**li tini** g<*rniination had 
harelly start***! in tin* conlr*)!. Aft**r W) we**lvs in Ih** g**rminat*)r th**r<* 
was very litth* elifb'n'ii**** b<*(ween th** gerniinati*>ii *)f tlie treat***! an*i 
til** unir**at***l s***'ds. Tr<*atm**nt for 2 minutes **ausei! mark***! 
injury. 

KFFK*T *)F SKVFKVL TFMCKa VTUKK M/rWKN \TI*»NS ON t’.KKMlN VTI*>N OF SKKI) 

OF Ill*iIT VUIV S\N*UUN\IJS 

Kitr.siiM II Vl{\l.si Kl) Skkd 

A summary *)f tlie germinati*)n of s*'v era! sampl**s *»f se***l *)f Dit/llaria 
sangultiafis *‘oll****te*i in *lilfer<*nt y*'ars and t**ste<! witliin a h'w days 
aft**r liarvcst at several t**nip**ratur*» alt*»rnali*)ns is given in table A. 
(j**rmination of lli** several sample's at any one* of tlie t**nij)**rature 
alternations was v**ry variable. This variatiem is evi*l**nt in ligur** 7. 
vvhi**h sh*»ws the* progress *)f g**rniination at f*)ur temperature* alterna- 
tiems *)f tw*) sample's c*)lh***te*l tin* same y*'ar aiiel t**st***l at the* sam<* 
tim<*. (S*»e als*) fig. II.) In spit** *)f this variatiem aniemg samph's, 
the n'lative* resp*)nse eif **a**h *)f the samples t*) the *lifi'**r**nt l**m])<‘ra- 
lure e'onelitiems was jnu**h th*' same (table 1). Th** progr**ss *)f 
germination at elilfeivnt tenifM*rature alt**niati*ms, bas***l on the* m**ans 
*)f all available information f*ir each ait<*rnation, is shown in figure* S. 

In g<*neral, g**rminali*m was meist rapiel ami r**a**h*'*l (lie high**st 
final value at 20” to 30" (\w'ith light, (termination at 20” to 
pr*»gress***l at a. s*mi**w'hat s|ow**r rate, anel final value's were slightly 
l*)wer. At 20” to 40” the start *)f germinaliem was *l<*lay***l anel its 
pr*)gr**ss was at a *lefinit**ly slower rate than at the two cemelitiems 
m**nti*>n***l above*, ami feir most *)f the samph's g**rminali*m eif the* 
viable* seeel was n*)t c*)mph*t***l in th<* time* the* te'sts were **onducl*'*l. 

(i**rminati*)n of thre** sam])Ies test***! at lo” t*» 23" was **xtremely sleiw. 
The b*'hav'ior *)f the fr<*slily liaiw**st**d se*'*l at tin* other alternations 
use'd will be discussed lat<*r, in *'*)nn****ti*m with the effe'cl of exjmsuro 
to light (p. 83). 
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Stoiiei> Seed 

Th(' course of jrcrniiiuilioii at 20° to 1^0° (\ willi lijrlil in siicccssiv(» 
tests of sample 758021^, eoll(»ete(l Sepleinb(‘i* 2 \\, ami tested 1 

day, 2 months, months, and I y«»ar after harvest, is shown in li^iire 
0. In ions sample TtiOIiri? was placed to j>:(*rminat.e on the day it was 
harvested and aftcM* S inter\als of approximately 1 month each. A 
summary of the eomphde results is |)res(»nted in tahh* o, and the eoui*s(‘ 
of jrermination for some of the lest^ at 20° to :i()° (3. with lij^ht is shown 



I’liiUKK 8. Mcuii Kcnuinatiou of frt*.sli of Digiiatia sanguimdis for all >eai>, 
showing 1h(‘ progress of geriniiiulioii at the various temperature aIt(‘rnation.s. 
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TIME IN GERMINATOR (DAYS) 

rn.i iti. 1) I*lonus^ ot m niuiiiitKiiL ot so(<l «if IhqiUuia \anqnmtilts Hi 20 lo .^O'^ 
C’ jillcrnalioii \\illi lighl, at (hihroiit dalos aftci huixcMinf? Sainph 7r)Sr)23, 
ciillc'i'lrd K('|)t(*iiih(>i 23, JlMr> 
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trniphiciillv 111 fimiK* lO With both of those* stnnplos the jjorjnina 
111 28 (lay's Avas ])iop*(»sM\(»ly pvator as tlic* s(»t*(| aj;(»(l, hut Iho ^ouniiia- 
lioii finally obtam(*(l was about the* saiiK*, whul(*^(*l• tin* af»(* of the 
seed S(»(m 1 of sainplo ThOlh')? (labh* o) placrd to ^(*i iiiinah* on April 
28, about tP| months aft(*r oolb'ction, shoW(*d about tin* same* ^(•iimna- 
tion in 28 da>s as the ficshlv haiv(*sl(»d s(*cd in 2r»2 da>s The chaiij^c* 
in rate of ji:(*rnimalion is also shown in llu* part of iij^un* 14 that 
pr(*s(‘nts tests wnthout prcchillinji. Tin* ivlation of tiriK* since liar\(*iit 
to jrerniinalion js broiifrlit out more clearly by a ivtabulation of the 
j'(*nninution results at 20° to30°(^ with li^ht on the basis of the actual 
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date of tlu» ^oimination count (table b). (leniiinutioii on May 25 
3 ^as ehsentnillv the ,suine ^^liether tin* see<ls had boon moist in the 
^omunator all tlio tiino siino the sood was lianosfod, or had boon 



1 ic.uiii' 10 Piogiess (jf >;< iiiiniati(»u «l setdol Dtqitana '^anfftfinahs 20'- 

C lilt(Mnation with li^ht, tostoii at su«<issi\t «lat(s aitci haiM'^tiiiK S'linplo 
ci»ll(ttod Soptiinlx'] s^ 1<MS 


stored dry loi diireieiit poilions of the time Also, {ieiinmalion was 
piaetiealh eoinjdeted (05 to 99 jieivent) b> Aujrnsl 17 iii(»spc( ti\<* 
of the <late that i>(M mination slatted 

T MILL I) (hi nnmilvw of \tnJ of l)igttana sanguntolts ufnn Ustid al so((tssu< 
ptrwdsnjUt hniu\t,nt JO to itJ (" alttniahon uith hgfit, hast d on iht atliiai daft 
of gt / nnnotion count 
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Alter ap])ro\iiiiatol> S months’ stora 2 :e, the diirerenees mratetit 
^eriiiination at the dilFeient leiuperuturc alternations (tijjf. 11 j had 
largely disappeared. A great pait of the total germination at each 
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TIME IN 6ERMINAT0R (DAYS) 


I Kii UK 11 Pic)>»ic*ss of Koniiiiiatioii of sood of Diqiiana sanquituths »< diffoTnil 
tomp( iiitiiio altoi Hilt ions, tests at hanostiriR anrt after storage tor S months 
Saiiiph' 7l>tWr>7, eoll(‘ited He])lem])ei S, HWS 



TIME IN GERMINATOR (DAYS) 

J If. I KF 12 Piogiess ot gdiinnutioii ot seed of Dtgtiatia ii(ntquiuahs at dilTeieiit 
tempeiatiiii alt eniat ions after slot age foi 1 \ear >Samp1e 7.'>So28 

iilt(»riiation was in tin* first 14 days Hf)W(*\t*r, tin* total tr(*rmiiuition 
at 20° to 40° C\ was distinrtly lowc»r than at tho othor allrrnalions, 
(loiinination ot serd aflor 1 year of storam* (saniph* 7.’)Sr)23, fi«r. ]2j 
was inon* than 00 porcrnt and was prartirally roni])l(*t(Ml in 14 days 

4100H 41 2 
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Ht 20° to 40° ns woll ns at 20° to 30° with lit;ht, and at 20° to 3.5°. 
At to 25*" (sainph* 758523, fijr. 13), tin* l-yoar-old sood sorminatod 
loss than 50 ])orcont and tho 2-voar-(dd Rood loss than SO poroont in 
5() days. It ^^as not until tho sood had boon hold in dry storago for 
3 yoaVs that j^orinination was fairly pronifd and oomploto at this 
tomp(‘ratiiro, althouirh at tho othor t»ormination tomporaturos iisod 
IImtc* was no furthor olninj'o in rosponso aflor tho first yoar. 

?KE( lilLLKl) KkKD 

Tho r(‘sults of ^orinination of tho sood of satiffulnalls aflor 

jirochillin^^ won* oriatio. Saniplo 758523, oolloot(*d in 11)35, show^o<! 



(it f*('rjiiiTiailoll ros{M)iiso at 15*“ 10 25'“ (’ nl'seed ot Djgilanti 
Hnngnmahs stored o\cr a ]H*riod ol 3 \fars with at >(‘arl\ iifM’xaK 

Suinplo 7riK,')2J{. 


ossonlially tin* sanio poroi*ntaj'o of (i:orinination after |)r(*ohiirm<>: for 1 
and for 2 W(*olvs as without sueh troatinont. When tho srod was 2 
inoitthsold, pr<*ohillin^ for 2 weeks brouji;ht alanit a distinet hasl(*ninjj: 
of jj:erinination, but treatniont for 4, 8, and 12 weeks eaused distinet 
injury, resultinsr in projjrossivoly low’or poroontasjos of final ^(‘rinina- 
tion as tin* p(*riod of ehillinp: was len^thoin*d. 

The rosidts <d proohillinjr on sample 7()184t), eolloetod in lt)3<), are 
presi*nlod in table 7. Proehillinj!: tho freshly harvested sood for 2 and 
for 4 W(*oks eausod a small but definite iTierease in early icorminalion, 
but there was a distinet tendonoy for tin* later <j:ormination to fall 
b(*low that of tho eontrol. Tho older seed w'as dofinil(*ly stimulated 
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|)V |)i(‘rliilliTif» for 2 and 4 uooks. In l)olh inslancos Ihoiv 'waa dofinitr 
injiii’A from troalrnmls lonfior than 4 works 

I \Hi I 7 ol ptichiUinq at .{^ C oti gt nmnatiou at iO° to aittt nation of 

stui of Diqitana t^angninalu* irhni hstat iiiitmdiaUhi aftii hantst and ahont 
* month*- Inti i 
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Tlio losiilts ol prochillin^ scod colloclod in HK^S (saniplt* TOOI^o?) 
at iiiontlil> intoivals alln liai\(‘s( aioj*i\(‘n m lahlo S. Tlio lolatno 
iiKMcasi* in llio early ircMminalion caused by preelullini» lor 4 we(»ks 
1*^ shown in limiie J 4 , hascal on ueiminalion in oti da>s (tables 5 and S) 
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light oxcluclt'd l)y enclosing the* tests in a tin box. Table 4 also shows 
faster germination of samples 75852.*! and 7(51849 at i*oom ternperatun* 
to :?r)° than at 20° to 35°; in this comparison the temperatures for the 
longer period of the alternation, although similar, are not i<lenticul. 

TIk' effec't of exclusion of light when the S(»i‘d was t(»sted approxi¬ 
mately iVi inontlis after harvest is shown in figure 15. The* benc'fit of 
light is mark(‘d at 20° to 30° C\, but at room temperatun* to 35° tin* 
liifference in germination betw’een light and dark is not so great. 
When lliis same sample was tested I year after harvest (fig. 12) about 
SO p(*rc(‘nt of the s(‘eds germinated e(|ually well in the light or in the 
dark, but tin* remainder of tin* seeds germinated wdl in tin* light and 
\erv slowly if at all in the <lark. The results with sample 7(59357 
tesl(*d at intervals after liarvest (table 5) show rather consistently an 
earlier start of germination at 20° to 30° without definite light exposure 



I Jtii HI] ITj I’rof'rc's''ot t^enjiiiialioiiol s<*i dot hiqitnmi sanginntili'^i\\ luolcnipis- 
ature alt ct nntions, willi IirIiI and with liulit rM'lurlt'd. SanipU* 7.')S.')2S, col- 
liH'ti'd S<*]>t«*iid)<*i 23, ia3."», 1c sis s1arli»d .lanijiu \ 13, 1930. 


(c*\cept some liirht from electric lamps iiscsl to heat the chambers and 
some light admitted during tiansfcr of t(*sts and during counting) than 
at 20° to 30° with light. IIowev(*r, with a definilt* light exposurt*, 
lat(*r germination was more lapid and final g(‘rminaliou peirentages 
usually were higln*r. Tln*sc» two series of t«‘sls wf*re in entirely dil- 
l(*rentchamh(*rs, and diirerencc's in humidity and varial)h*s other than 
light may have influenc(*d (he results to soim* (*\tent. 

Treatments of se(*d of one samj>lc wulh concentrated sulfurii* aci<l 
for various periods from minuti* to 3 niinutes brought about an 
earlier start of germination than that wliich took place w'ithoui acid 
treatment. 

DISCUSSION 

Probably tlu* most striking feature of the germination ()f these two 
species of Digitaria is the c*xtremc*ly slow' but steady g<*riiiination of tin* 
freshly harvested seed under the most fuvorablcj conditions. In general 
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rnon* than 100 days was i(*quired for 80 poiroiit of the samph* to gw- 
ruinate, and lOfi days would seem to be the sliortest time in whieh one 
could expect completion of frerminatioii. In contrast with this ex- 
tn‘inely slow jr(»rminatioii of seed freshly harv(»st(‘d, sec‘d that was 
I year old j'erminated rather rapidly, jjerminatioii Imng completed in 
7 io 14 days. 

Both species of Digifaria j?erminated very little at tln‘ various con¬ 
stant temi)eratures tried and seemed to recpiire daily temperature 
alternations. Li(‘l)enher^ (/ /) in 1884 a|)pears to have b(»(»n the first to 
call attention to the value of definite daily alternations of t(*mperatiire 
in s<»ed germination. Since then many have* sh()wn tlie need of 
alternating temperatuns for irerminatiou of many kinds (d sissis. 

With freshly harvested sec^l there was a distinct dilh'rence in the 
r(*sponseof lh(‘ two species to thedilhTent t(‘nip(»ratur(M‘onditions use<l. 
With see<l of Digiluria Ischarmum dilferences in the len{>:th of incubation 
lime before* ^(‘rmination started were a slrikinii: feature* in the n*sponse 
to the l(*mperature alt<*rnations 2(1° to 40° (\, 20° to 8r»°, and 20° to 
80°. On the olln*r hand, seed of J). snnguinalis did not show miM*h 
difre*n*nce in the incubation ])erio<l, but the rate of ^(*rniination was 
mark(*dly afr<‘ct(‘d by j^ermination temperature. The* allc*rnation 20° 
to 40° was elislinctly favorable f(»r a lai-^e* ])roportion of the s(*(*ds of 
each sample of I), isvl^atmum; but at this alternation S(*<*ds e>f />. 
sangvinahu had a lonj' mctd)atiion period, a slow rate of j>:erinination, 
and a low total fccrmination. The alt(*rnation 1»')° to 27)° was distinc*tly 
unfavorabh* for both spe^cies, but esj)(*cially so for I), uuuguiiialis. 
The d(‘finil<*ly Ix'iieficial elfect of lijrht exposure* for the* f»:(‘rminatie)n e)f 
I), muguiuaViH affecte'd the ivsults of the te*mperature studie*s with this 
spe'cii*s. It. would appe*ar that the alternations 20° te) 88° anel 20° te> 
80° we*re c*(|uaily j^ooel, but. thatli^ht wasnec(*ssary for full ^rerminaliein 
at e*jthe*r te*mpe*ralure conelition. The*, small ame)unt ofli^lit fre)m the* 
lamps used te) he»at the* chaml)e*rs jrreatly incre*ase*el j>:e*rminatie)n e)\e*r 
that e)btaine*el whe*n li«>:ht was totally e*xclude*el, but it was ne)t sufiicie*nt 
fe)r rapiel anel (*oinple*te* }j:e'rmination. It is ])e)ssible that the* ve*ry,le)v\ 
re*snlts at 18° le> 25° with />. sutiguinalls w’e*re elue* in part te) the* small 
amount of li^ht in the chambers at. tliese lowe*r tc*niperature*s. 

The l)e*ne*fie*ial elfe'ct of elilule se)lulions of nitrate's usually has |)e*e*n 
associateel with the* be*ne*fie*ial e'fiVct e)f li^ht, although many e*.\e'e()tie)ns 
have be*e*n ne)te'el in the literature. Ne) ex|)lanation is e)(re*re*d fe)!' the 
re'tareiinjr infiue*ne*e e)f potassium nitrate* e)n j:je*rminatie)n of Diglfana 
Iftchatmum at hi^he*r te*mpe*ratures anel the* stimulatie)n at le)we*r 
te*mpe*rature*s, ne)r fe)r the* a|)pare*nt lack e)f consiste*jil inllue*ne*e* e)f 
potassium nitrate* e)n the* <!:e*rniinatie)n e)f IK aangulualis allhe)usi:h this 
sp(*e*ie*s is be*ne*(iteel by li^ht e*xpe)sure. 

It has bi*en re*e*e)ji:nize*el ^e*iu'rally that the se*eds of a sam])le‘ may iie)t 
re'spemei alike te)^e‘rmination ce)nelitions. This fact is illustrate'el by the* 
pre'sent re*sults, e*spe*cially by the favorable ri*sponse* e)f a lar^e* pre)pe)r- 
tion of the* fre»sh se'e*els e)f DIgitaria lurhannum te) the* 20° to 40° (\ 
alte*rnation anel the eli'cieleelly unfavorable* re*spe)nse* of a small j)re)pe)r- 
tie)n to this temperature* e'e)nelitie)n. This small portie)n piv'e a sli^htlv 
me)re* favorable re*si)e)nse to the* 20° te) 85° alte*rnatie)n. At 20° te) 80° 
the rate e)f ^e'rmination be*{>:an te) fall aft<*r about, one-half of tlie see*ds 
had p:(*rminateel. Aside from the long period of inciibatioji before the* 
start, of germination, the most striking feature in the progress of 
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nation of tln'S<* two spocios is perhaps tin* variable proportion of 
resistant S(‘e(ls al tlie ililferent temperature eomlitions. 

llaasis (6'), Edwards 0^), and Livingston and Uaasis {li^) have sujr- 
irosled tliat a pven lot of set^ds might h(‘ separate<l into physiological 
classes (»n tin* basis of differences in rale of gerininatioii. 1*"h(‘ n^sulls 
preserit«Ml in this paper indicate that the jiroportions in the diffc^nuil 
classes would vary’ greatly with the temperature' (‘onditions of gernii- 
nation. 

Both species of Dlgltaria showre'd a niarkc'd change' in the pre)gress 
of ge'rmination us the* se'e'd age'el. This change was e'vident first as a 
shortening of the incubation period before ge'rniinatieui, and later as 
a inarke'ei incre'ase in the* nile e)f germinalie)n. Eve'U al the* most 
fa\e>rable tc'mpe'rature* e'onelition for e'acli spe'cies, a e'C'Ctain pre)por- 
tion of the* frc'shly haiwe'ste'd se'e'el (20 to 40 pc'rceiit) was ve*ry resistant 
to germinatiem, but as the sc*('d age*d this proportion be'came* smalh'i* 
until al about S months afte'i* harve'st oidy o to 10 percent we*r<* re'sist- 
ant. Althougli se*(*el of I), ftangtnnalis 1 te) 11 me)nths edd starle'd te) 
ge*rminate‘ much me)re' (|uickly than fre'sh se'e'el, Ihe're* was a sugge'slion 
that a small pre)pe)rtion of this slightly oleh'i* se'e'd was more* re'sistant 
to ge'rmination than the* fre»sh se'e'el, as is show n in figure' 10 ami table' o. 

With many kinels eif s(*e*ds that ge*rminate ivaelily, the* ge'rmination 
re'sj)e)nse to le'mperature may be* similar to the* gre)wlh re'S|)onse e)f the* 
se*e*elling, as w'oulel se'e'in te) be the* e^ase in the* re'sults pre'se'ute'el by 
llaasih (^/) and by Eelwarels (ii). On the* e)ther hand, many kinels e)f 
M'cels re*<|uire' spc'e'ial conelitiems for the* initiation e)f the* ge'rjninatie)n 
|)re)ce*ss that may ha\e ne) cle»se ivlatieui to the grejw'lh re*spe)nse‘ e>r the' 
se'e'elling. The* elill‘e'rene*e in the* pre)gre'ss e)f ge'rminatie)n at the vari¬ 
ous te'inpe'iature* e*e)nelilie)iis e)f fjvsh se'e'el e)f bedh spe'cie's of OigiUuia 
weuilel indicate that ei major eflVct of ge'rminatiem e*e)nelitie)n was in 
ceuitredling ])reliminary cliange's in the se'e'el nc'ce'ssary for the* initia- 
tie)n of ge'rmination. Ile)we*ver, the twe) spe'e ie's re*spemele*el ve'ry diffe'i- 
e'litly in this re*spe'e*t te) the* 20^ te) 40"^ C\ alte'rnalion. As the* se'e'el 
age'el it be'came* li'ss se'iisitive* te) e'onelitions eM)ntre)lling initialioti e)f 
ge'rmination, so that by the* time the* se'e'el was a ye'ar e)lel ge'rminatie)n 
stjirleel pre)mplly un<le*r all the* te*mpe'rature e'onelitions use*el. At this 
lime* the* small elifleivne'e* in re*s])e)nse» te) te'mperature e)hse*r\e*el in the* 
ge*rminatie)n e)f />. ischarmiim was elue* te) eliire*rence‘s in gre)Wth rate'. 
The* se'e'el e)f I). sangulnalis hael me)stly arte'rri|)e'ne'el in 1 ye'ar Avhe*n 
me'asure'el by its re'speinse* to 20^ to 40’, 20° te) 1'}.')°, and 20° te) 1^0° 
alte'rnalie)ns, with light; but at ir)° to 25° it was not until the* se'e'el 
was ye»ars e))el that the* rate* atid e'omph'te»ne'ss of ge'rminatie)n e'epiale'el 
l-ye*ar-e)lel se*e*el e)f I), isvhof ontm. A small pe'cce'iilage* e>f the* se'e'els e)f 
/>. sanguinalis re'e|uire'el light for germinatiem e*ve*n afle'r 1 anel 2 ye'ars’ 
ste)rage'. 

Pre'chilling the* me)ist se'e'd at i\ brings af)e)Ut a ejuie-ker initialie)n 
of the ge'rminatie)n pre)e'e'ss anel a faster rate* of ge*rminalie)n. Ajipar- 
eiitly the pre'limmary e'hangi's that take* plae'e* sle)wly in eliy steire'd 
se'e'el e)r in se*e*el he'lel unele'r ge'rmination e*e)nelitiems are* brought about, 
mue'h me)re (juie'kly in se'e*el he'lel meeist at a le)w te'inpe'iature*. Fre'sh 
se'e'el e)f Digliarla ischantunn pre'chille'el feir cS w'e*eks ge*rminate'el al 20° 
te) 1^5° alme)st as preimptly as 1-ye'ar-olel se'e'el withe)ul e'hilling, and the* 
progre'ss e)f ge'rmination e)f l-me)nth-e)ld se'e*el after pre*chilling for 2 
we'e'ks was similar te) that e>f r)-mont)M)lel se'e'el that hael ne)t l)e*e*n |)re*- 
e'hilh'el. Witli fre'sh se*e'el e)f I), hvhannunt a she)rt pe*rie)el of chilling 
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cuusimI a f(‘W seeds to goriiiinate promptly, but. tlu* rc'mainhig seeds 
g(*rmiiiated al)out as slowly as untreated seed and there was some 
iiulie^ition that they were slower (fig. 3). As the seed became older 
or w'itli a longer period of prechilling of fresh se(‘d the propoj-tion of 
seecls resistant to germination was smaller. Seed stored dry for 1 
month and then preehilled for 4 weeks g(‘rminal(‘d \c\j much lik<' 
unlreated seed that had been stored diy for 0 months longer. Tlie 
\ariation in the condition of individual seeds of a samph^ is indicated 
by the response to differcmt periods of chilling us well as l)y tlui response 
to different temperature conditions. 

The g(^rmination results after pn'chilling wen» much more definit** 
with seed of DIgitaria i^chacmum than w'ith s(*ed of />. sanguinalifi. 
The results with the latt(*r species were affectc‘d by a definite tend¬ 
ency for injuiy to th(» seeds to occur during long periods of prechill¬ 
ing." It is possible that this injuiy is related to immaturity of some 
of the seeds and to tlie jireseiice of fungi. With the seed of />. son- 
guinalln used and under the conditions of tln»se (‘Xjieriments periods 
longer than 4 weeks at a low temperatun* caused injury, and this 
period of tn^atment was not long enough to ovcu-corm* the dormancy 
of all se(‘ds wlien teat(*(l immediately aftcu* harv(»st. 

Davis and Itose (8) have shown that prechilling (Vatatgua seed for 
2 to 3 months brings about changes in the dormant (unbiyo that 
initiate* normal germination. Toole ( 14 ) and Wliitcomb (jh) have* 
shown that fivshly harve*sted ce*re*als in which resistance te) ge'i*mina- 
tieiii at liighe*!* te*mpe*ruture*s is caus(*d by the* ce)als will ge*rminate 
fvadily at liigher temjieratures after being ])re(*hilli*el for o to 7 days. 
The re'spemse of the se*ed of DIgitaria to acid trealme*nt as well as tin* 
re*8ponse» to chilling w'^oulei indicate that the slow germinatieui of fre*sh 
seM'd of these spe*cie*s probably is due' both to coal r(*striclie)ns and te> 
e'lnbiyo dormancy. 

No study e)f se(*d structure was made, but Harz (f^) slate*s that tin* 
ceiat structure of Digitatia mnguimiliH is similar to that eif Pauicum 
miUaaum. The latter species is not espe»cially ri*sistant to germina¬ 
tion. 

In comparing tin* response of seeds to ge»rminalion conelilions tin* 
gt'neral progress eif ge*rnunatie>n would seem to be a be*tte*r giiiih' than 
the geTinination attained after any time interval. Tin* eiptimum 
condition for germination may, as here, inveiKe many facteirs, b»il it 
would see*m te) be b(»^t cxpre*ssed as the eemelit ion at wbie*h irerminatie)!! 
])rogr(*8se*s at the fastest rate and at which g(*rmination of tin* viabh* 
se'e*ds is completc'd in tin* .shortest time. 

Although the seeils of these two spe'cii's of DIgitaria she)w some' eliflVr- 
C'nee's in tln*ir r('spe)nse to te*mperature, light, anel dilute salt se)lutie)n, 
they are alike in inquiring certain chung(*s in the ceiats or in the e*mbrye), 
or in both, before germination starts. Tln'se changes take i)lace* veiy 
slowdy in ehy storage or w'hen the seenl is moist at temperature's suitable 
ft)r germination. vSuch e*hanges are afft*ete'd to some extent by ditferent 
ge*rmination conditions, but take place me)st rapidly in the nieiisl 
seed at low temperatures at which germination doe's iie)t occur. 

SUMMARY 

Tin' progre'ss of germination of see*d of the two erabgrasse's DIgitaria 
ischaemum and D. aanguiualis was dete'rmined under iliffere*nt ceindi- 
tions of temperature wlien freshly harvested and after various pe^riods 
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of storage. Tlie oirocl of prechilUiig tlio moist seed at 3° C. for various 
periods, as well as the effects of liglit and of dilute solutions of potas¬ 
sium nitrate, were studied. 

(Irrmination was more or less complete al the four temperature 
alternations used, 20° to 40° (\. 20° to 3.^)°, 20° to 30°, and 1.5° io 25°. 

Fresh seed of both speci(‘s required a ])reliniinarv incubation period 
of 28 to 5() days before germination started; at least 190 days was 
n‘(piired for completion of germination. 

As the seed aged in dry storage, the prelimhiary period w'as shortcno<I 
and lh(* rate of g(M’mination increased. With 1-year-old seed, germina¬ 
tion start (id prom])lly and w^as comphdcMl in 1 4 days or less. 

PivehiHing tlie fivsh sei'd of b(»lh spe^eies hastetUHl the rate and the 
compbdion of germination. Prechilling for S w'(‘(‘ks was nec(*ssary for 
prom])! germination of fivsh se(»d, but tin* time required for prechilling 
dt'creased as the sihmI aged. 

In a giv(»n sam])l(\ some* s(»eds were affect('d by g(M‘niination treat- 
iiKMit differently from oth(»rs, and the ])ro])ortion of the s(*eds stimulated 
or ivtarded varicnl with th(‘ treatment. 

Freshly harvc'sti'd scmmI of I>igltaria hvhtu nnnn had the shortest 
incubation period at the 20° to 40° (\ alternation, but a small pro])or- 
lion of the schmIs was slower in germinating at thi^ temperature than 
at 20° to 35°. At 20° to 30° the incubatiim peuiod was longer and a 
largiM* ])roportion of the samf)le was rvsistant to g(‘rmination. At 15° 
to 25° germinati<»n start(»d at about the same linn* as at 20° to 30°, but 
tin* rat(* of g(*rmination was slow(*r and with some* sampl(*s g(*rininatioii 
was not compl(*ted during the i)(»riod of obs(*rvation. 

Fn'shly harv(*st(*d si*(*d of Dlgltaria fsrhat mum g(*rminat(‘d ])romptly 
and completely at 20° to 35° (\ altc*nialion afti'r S wW'ks* pr(*ehilling, 
but aft(»r 2 and 4 W(*(»ks’ pr(*cliilling a portion of the sample was slow 
to germinate. As the S(*ed ag(*d a shorter p(*riod of treatnn*nt w'as 
sullieient for ])rom|)t and compl(*te germination. 

(i(*rinination of fivshly harv(*st(»d s(*ed of Digllarla sanguinali.^ W’as 
essentially tin* same at 20° to 30° (\ and at 20° io 35° alt(*rnations, but 
|)roei»eded at a slower ral(* at 20"" to 40°. Al 15° 1(» 25° germination 
was V(»rv slow and incomplete. 

The si*(*d of Dlgita/ia sanguinalis used was injured by long pc*riods 
of ])n*ehilling, so that maximum gtrmination of fn*sh scmsI was not 
ol)lain(*d aft(*r j)reehilliiig. After I month of dry storage, pr(*chilling 
for 4 w(*eks was followi*d by fairly prompt and complete g(*rmination 
at 20° to 35° (\ alternation; and after 3 or 4 months of dry storage* 
prechilling for 4 w'(‘eks result(*d in alxmt the same rate* of germination 
as was obtaimxl with l-V(*ar-old s(»(»d without chilling. 

Tr(‘atni(*nl of the s(»('d of both s|)(*ci(*s with concentrated sulfuric 
acid r(*duced the in(*ubati(m period of fivsh S(*(*d, but not asmuch as an 
oj)timum p(*riod of pr(*chilling. 

Moist(‘iiing the substratum with 0.2-p(*rcent solution of potassium 
nitrate (h*finit(‘ly hasten(»d germination of s(*(*d of DIgifarla isehaemum 
at the 15° to 25° (\ and 20° to 30° alternations, and deffnit(‘ly retarded 
it at 20° to 35° and 20° to 40°, but had no definite (»ffeet on {he s(*cd of 
I), sangninalis. 

Total ('xclusion of light had no defini1(* effect on g(*rmination of 
Digifarla hchaemnm, but greatly retarded germination of />. w///- 
quirtalis al 20° to 30° (\ alternation and slightly re*tard(*d it at 20° 
to 35°. 
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INTERSPECIFIC CENETIC RELATIONSHIPS IN lACTUCA • 

\\\ Koss (\ Thompson’, osttudait horticulturist: Tiiom\s AV. Whitakkk, guKiictst; 
and William F. I\os\k, stinhut aide, Diristou of Fnnt and VegetahU Crops and 
J)istas(s, Hurt a u of IHont Industi'j, I'nitfd Stops Dcffortuunt of Agriculture ^ 


INTHODITCTION 


For i\ immlx'i* of years the rnited States I)e])artnient of Ajijri- 
eiillure lias eoiuliieteil an extensive lettiiee-hreedinj^ proj^rain. The 
work has been divided between the Tinted States Ilortieiiltiiral 
Station at lieltsville, Md., and the Tinted State-, llortieultiiral Field 
Station at La dolla, Talif. 

Sinee JWii), investi«;ations have Immmi eondiieled at the BeltsvilJle 
station for the purpose of loeatiri^ ^enes for resistance to fJie aster 
vidlow's virus in l(‘ttnee. In these tests have been included most of the 
\arieties listed by Anierican seedsmen, as well as many strains re¬ 
ceived fi'om foreign sources throiijrh the Division of Plant K\])loration 
.md Introduction. Manx varieties of the ciiltixated sjiecies Lavtuea 
satlra L. have been <rrown to iletermine their resistance or suscep- 
libilily to this virus. Since no evidence of resistance was found in any 
of tlu‘ varieties tested, an extensive study was made of wild species 
within the ^enus Laciura. S<ime depee of resistance to aster yellows 
\irus has been found in certain of the wild species in tests not yet 
reiiorted. 

For several years workers at the La dolla station hav (» been studyinfi: 
Mune of these wild species in breediu}? for resistance to various diseases 
and for types better ailapted to specific lucidities. 

The (jiiestion of the j>:enetic compatibility of the various species 
has naturally arisi*n. Dillicultv in hybridi/injr some* of the wild s|)eeies 
with Lavhtn) sailm wasexpected, owinjr to thc‘ variation in thi‘chromo¬ 
some number within th(‘ jrenus. Accordin»r to Ibdicock, vStebbins, and 
JiMikins (/),'* the p:enus Lactuca includes speedes having S, P, and 17 
pairs of chromosomes. 

Little is known of the <renetic compatibility of the species of 
Lartuva. Whitaker and da{ 4 j::er [H) have reported on hybridi/aition 
expi'rinients confined larj^ely to crosses of L. satlra with other s|)ecies. 
Of nine inteiNjieidfic crosses uttemptefi, only two, L. satlra ■ L. 
Strriola (L. srarlola)^ and 7>. (ffamlnilolla \ 7../lv/.v, resulted in 
fertile s(*ed. In lioth of these the hybrids jiroved to be fertih*. 

This ])a|)(M* is a joint n*|)orl of the n^sults oblaiiu'd in inteis|)ecilic 
liybriilization m Laefava at tin* stations at Ibdtsvilh* and La dolla. 
In till* investipitioiis h(*rein n»ported, numi'rous interspecific ciosses 
not previously reported wen* imule, with results that cast soim* lij*:hl 
n|)on tin* ndationsbij) of certain sjiecies within tin* ircMiiis. 
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MATERIALS AND METHODS 

Tli''iiiaf(‘ri«ls uso<l in thointorspwiftV hybridization studies made by 
the w'ritei-s were obtained from the following soiurra: 

Lnrtuca nUnica Kisch. and Mej., frtnii EKM>t, throuRh Divihion of Plant 
FAoloration atul Jritroductioii. 

h. mtiva L., from private stocks. 

L, »(rrwla L., colJcctcfl in the Disirict *)f Cn1iiin))ia and Marvland. 

L. Htrnnlfi \ar. mUgrata ((Sron. and (Jodr.) Farwcll, collected in the Disirici of 
(*ohimbia and Maryland. 

L. indtca L., from (’’hina, throiiRh (I. L. Htehbins, ,Ir, 

L. iHfhca L., from ('hina, through Division of Plant Exploration and Introduc¬ 
tion. 

L. laciuiata (lloiitt.) Makino, from Asia, through Division of Plant Exploration 
and Introduction. 

L.tatanca (L.) C\ A. ]Vl<*v., from Tap d’Antibes, France, through (i. L. Steb- 
bins, Jr. 

L. radthana Maxim., from rnion of Socialist Soviet Heiniblics, thniugh Division 
of Plant Exploration and Jiitrodiiction 

Is. virnsa li., from Amsterdam, the Netherlands, through Division of Plant E\- 
jiloration and Introduction. 

L. viroita L., from Surrev, England, through Division of Plant Exploration and 
Introduction. 

L. rtrosa L., from Stockholm, Sweden, through Division of Plant Exploration 
and Introduction. 

L. canadvHHiH L., collected in Marvland. 

Ij. fframinifolia Miclix., from South C'arolina, through .1. H. Norton. 

L. flondana (L.) (Jaertn., collected in Marvland. 

h. Haligua L., from ()hi<». through (1 L. Stebbins, ,lr. 

L. itpicata (Lani.) Ilitchc., collected in Marvland, Virginia, and Peniisvlvania 

L. jHnntns L., from Wav side (iardeiis, Mentor, Ohio. 

L. hourgan (Iloiss.) Irish and Tavlor, from England, through Division of 
Plant Exploration and Introduction. 

Ij. rrrlica Desf., from Africa, through (i. L Stebbins, ,Ir. 

L. chondn Urn flora Bor., from France, through Division ol Plant Exidoration and 
Introduction. 

Ill the work at Beltsville, all of tlio plants used for crossitiji: ])ur])oses 
were jrrowii in 10 ineli eliiy pots in a elosely screened j^reenlioiise. 
At La dolla the jilants were jjrow n outside and the flowers were covered 
after pollination to prevent contamination. 

Some difliculty was met in brining: the dilferent species into flower¬ 
ing at the same time. vSome of tlie s|)ecies are annual ami some bien¬ 
nial or perennial. Species that were found to be easily grown were 
planted at successive dates so as to have the plants iii'llower almost 
continuously. 

In making the crosses, the commonly used technic|U(* of ]K)llen removal 
by vvater, described by Oliver (f/), was eni[)loyed. 

Diseases and insects caused difliculty in* growing the numerous 
species under the same environment. Siuiie species are very susce])ti- 
ble to disease wIumi grown under glass. Ijicfuva canaddisis is sus- 
ceptihle to mildew vvhen grown iluring the winter months, and several 
sneeies of the suriola group are susceptible to crown rot <luring 
cloud.y, damp vveatlier. L. laciniata is wry susceptible to injury bv 
red spider and a number of foliage diseases.' 

RESULTS 

The results of the interspecific cross-polHmitious are summarized in 
table 1. 
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T^iiiK 1 —Summary of data on uihi’^innfu hi/bridiiatioi in Laitiua ‘ 
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T4BLE 1 Summary of data on irdir^THCijn hybridization in Lnctuta—Cor\Un\m\ 
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In a niirabor of instancoa th(‘ hybrids rosulling from a r.ross varied 
from very weak abnormal plants to strong? normal-appearing ones. 
Snell variation was not(‘d among the hybrids from Laefvca fatariea X L. 
indlca, L, forUlanaX L. iaianca, L (framinijolia X L.foridana, L. 
cancvicnsifi'x L, hidica, L. canadensis v L. fatariea, and i. indica X L. 
laciniafa. Even though most of the hylirids from the last-named 
cross were strong nonnal plants, producing fertile* st*ed, two abnormal 
fr<*aks a])pear(*d in the* Fi population. 

('ROSSES RETWEKN NINE-C'HROMOSOME SPECIES 

lAictuca safira (9) ^ L. s(rriola (9) (fig. I, ^1).- This is one* of the 
ihree* siieec'ssfiil eroasc's made with the cultivated sjM'cies, L, safira, 
L. salifv and L. serriola cross n*adily, and the ri»sulting hybrid pro- 
diici*s f<*rtih* se*('d, ivgardless of whie*h specH s is nsc'd as the mate'rnal 
parent. 

(^rosse*s bc*t\\(*en these two spe»cies have* hi'(*n reporte»d pre*vjous’y 
by Durst (i^), Ernst-Scln\arze*id)ae*h (»>>, Whitaker and dagger ^9), 
aiid Thompson (cV). In the ]>resent stuelie»s Lacfuca satim was cro{“(»(l 
with he)th lolx'd anel mdol)(»el forms of A. serri<du. The hybrids 
be*t\\e'e*n th(*se‘ twei spe*cie*s are strong vigorous plants in ^\hich the 
characteris(i<‘s of L. serriola pivdominate. 

Laciuca safira (t)) - 1^. alfaica (9) (fig. 1, R). lie*cipre)cal cross(*s 
\\e*re' e‘asily obtaiiie*d be*t\\een th(*se sp(*cie*s. L, alfaica is a wilel type* 
from Egypt. The plants were* vigorous and in many characiers 
re‘se*mbl(*el the* alfaica parent. The proge*nie*s we*re‘ Jiighly fertile*. 

Lacfaca safira and h, alfaica \ve*re* probably elerive*d from A. sirriola^ 
since* lbe*y have* the* same* chreunosome* miml)i*r, e*ross re*adily, and are* 
similar te) Ij. strriola m a givat many me)rphe)logieal e*harae*t(*rs. 

Lacfaca safira (9) * L. rlrosa (9) (tig. 1, This ereiss was made 
by pe)llinaling llowe'is ed’ A. safira var. Impe'iial I) vith jiolle'ii of L. 
rlfosa. Six K, plants we're* produ(*('d. Ke*pe'ate*el atte*m])ts te) obtain 
the* re'e*iproe*al cre)ss re*sulte*el in failure*. In me)st re*si)e*e‘ts the* F| 
plants v\e*re* approximal(*l> inte*rm(*djat(* be*twee*n Impe*rial D anel L. 
rlrosa. The*y were* e'.\ee*e*elingly v igoreius, se>me re*aehing a he'ight of 

e) \e*r rj fe*e*t. The* annual habit of lmpe‘rial D was elominanti anel 
there* was se)me* pigmentation in the* stem and midrih similar to that 
fe)unel in L. rlrosa; liow(*V(*r, there* was no jiigme'iitation of the* leaf 

f) lael(* ])rope*r as is eharacteristic of L. rirosa. fake* fnipe*rial J), the* 
unele*r surface* eif the* mielrih of the le*af was fre*e e»f spine's. All Fj 
plants were comph'tely sterile. Atte*mpls te) hackeniss the* Fi hyhriels 
to heitb ])arental s|)e*cie*s re*sulted in failure. Many atte*mpts at 
Heltsville to cross these* two specie's beith W'ays faile*d. 

iMcfaca fatariea (tO ' 1^, laciniafa {!>) (fig. I, Jf). Kee*iprocal 

hybrids were obtained be*tween the»se two spe'eie*s. Twe) populations 
of hybriels W’ere* grow'ii. The hybrid se*e*(llings in both case's we're* 
ve*ry W'e*ak, the basal leave's having a tendene*y to turn ye*lle)W' anel fall 
otr, le*aving only n few terminal le*ave*s to cany on growth. As the 
ste*ms elongateei, meire* of the* lower le»av(*s turneel yelleiw and droppe*el. 

A fe*w' ])hints W'ere grow'ii to a height of I to 2 fe‘e*t and almeist te) the* 
(low'ering stage*, but in every case the* plants died ])(*fore* pre)ducing 
flow’(*i’s. Many of thecharactersof the*/..fe/f(/reV(/ pare*nt pre'eleiminate'el. 

rnde*r gr(*e*nhouse conditions at Beltsville, iMcfaca fatariea was ceim- 
])le*te*ly se*lf-sterile*. rnde*r fie'lel e'onditiems L. fatariea se*t se*(*el at both 
Ih'ltsville and La Jolla. 





] ic.iTRi 1 I, Stem l(‘a\rs of {a) Ijncluca sattua \aT Mi^noiu tt«', (/>) L \niiva \«r 
Mipnonc'tti' L s(///«/«, F,, and (r) A **unola sfoin Ua\c s of i«) L altnua, 

(/>) L aUaitn ^ L nativn >ar Daik CJreoii C’os, 1 1 , and (r) L sattva \ar DaiK 
(Jirrn (\»s; f, losotio loa\os of (a) L satim\a,r Inipotiai J), (b) L sativa \ai 
Imporial 1) L vnosa, Fi, and (c) L vnosa, /-), plant of L tntauca L 
lacinmta, F|, in iht* losotlo staiso: Kj stun J(a\(‘s of (a) L irirhca^ (6) L in- 
thca L latnnnki^ I i, and U) L tariniala h\ losotto l<'a\os of {a) L ladtUtnin^ 
ib) L ladikana L iataimu (^1 ^ inlanca (7, loscttc leaves of (aj 

L laddtatut^ {b) L mddtana L indica^ Fi, and (c) L indica |/y, stem leave *■ 
of (a) L talaiKa, ifi) L tatanca L indita, Fi and (r) L indna 
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Ijictuca Indica (0) X L, lachuata (9) (fi^. 1, U), -Rcciinwal (tossos 
ln'lwccn lhes(‘ spooios wore sum^ssful; 1 iow(»v(T, tlio cross is more 
<‘j]sily made by iisinp L. laciniqta as the matenial parent. The flowers 
of L- indica are easily injured in handling wliile reniovinj? the pollen; 
iu*ne(» it is best used as the pollen ])arent. Two w^eak, abnormal 
plants appeared amoufi; the hybrids. 

Tlie normal F| idantsfroin Lactuca indica X L. laciniata wen‘larg:er 
and more' vifrorous than either parent. The Fi planis bave many of 
I he ehara«*ters of indica and look much like this parent. Tlu* 
hybrids w(‘re hif^hly fertile and produced abundant seed.^ 

The Ki hybrid was backemssed with each of the original parents. 
Ibiekcrosses with the parents were ohtaiiusl by pollinating lAictuca 
laciniata with hybihl pollen and by pollinating flowers of the hybrid 
with ])ollen from A. indica. In both cas(»s the ])ro^enies WTre fertile. 

M«»rrill ({) consiilers Lactuca indica and L, laciniata to be synony¬ 
mous. The results obtained from (‘rossiiijr tlusn indicate that L, 
laciniata should b«' classinl as a variety of L, indica, 

Lactuca radduina (9) > L, tatarica (9) 1, Ten hybrid 

])lant.s resulted from juunerous crosses made beUwt^en th(»se two 
speei<‘s. No hybrids were obtained when L, tatarica was used as the 
maternal ])ar(Mit. The Ij, tatarica plant used in the cross wuis old and 
m a M*i*y wi^ak condition at tlu^ time tin' crosses were nuuh'. This 
may acc(»unt for the failure t(» obtain hybrids when L, tatarica was 
Used as the inotlu'r ])lant. Of the 10 hyl)rids, S w'l're weak deformed 
plants and <lied wliile small. The normal hybrids w’ere vigorous and 
Iart>er than I'ither parent. In the rosi'tti* sta^<* they ajipc'ared to be 
intermediate betwi'i'ii the parents. Tin' hybrids had a marked 
tendency to stool and produ<*«*d numerous stems arisnuefrom the erowui. 
The hybrids were all M'lf-sterih*. 

Ltcluca niddtana (9) 'L. indica (9; (lia;. I, G). - From a small 
population of |)lants a:rown from si'ed obtaiin'd by crossing? L, indica 
on L. iadd(ana, two hybrids were obtained. Attem])ts to obtain thc' 
rec'iprocal cross failed, in <i:<*in'ral a])pearance the hybrids more 
iK'arlv resembled L. indica than L. raddtana, but were h'ss leafy and 
had longer internodes. The leaves had the dark-^reen color of 
L indica. Neither hybrid plant showed any tendency to branch 
just above the crown as did tin* L. tadd<ana jiarent. The heads W(*re 
intermediate in number of flowers per head. L. raddtana is biennial 
or pc'reimial, and L. indica is an annual. The hybrid llowt'red without 
overwinterinjr. 

Tin* hybrids wi're at first thought to be com])h‘lely self-sterile, but a 
lew lic'ads on each plant set si'cd late as the filants were on the ver^c' 
of dvintr. It was hnmd necessary to harvi'st the seeds a few days 
before they wen* matiin* and to i>:erminate them imnn'diately. If 
the se(*ds were permitteil to ri|)en completely on tin* jdant the embryos 
shriv(‘h*d and died. .\o progeny was obtaiin'd from mature w'l'd. 
A fi'w ])lan1s an* now bein^ fjrown from seed harvested ])rematurelv. 

Ijictuca fata/lea (9; - L. indica (9) (fij^. 1, //). Sec'd set very readily 
in flower heads of L. tatarica to which pollen of 7v. indica was applied. 
Tin* reciprocal cross was also obtained. Sc'\(*ral populations of liybrid 
p’ants have bt'i'ii frrown from crosses betwec'u tln'se two nine-chromo- 
sonn* s])ecies. A larji:e nuinbc'r of the hybrids have been fjrowui to 
maturity, but all were completely sterile. In I'ach population of 
410011-11 :: 
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liybrids tlim' wore a iminlx^r of very weak malformed plants. Some* 
of llxw wer(» jrrown in pots for several months, hut in every cas<‘ tli(‘y 
died without producinjj a seed stem. 

In jren(»ral ai)pearane(‘ the hybrids reseinbl(»d Ijuiuea fafarica inueh 
more than L. iudlca. The foliage had the gray-greim color of L. fa- 
tarica, although the llowcu* heads wen' a little smaller and the corollas 
a lighter blue. 

('UOSSKS BETWEEN 17-(*HROMOS()ME SPECIES 

Ijivtuvii canadnisls (\7) /L. floridana (17) (fig. 2, A). - Flowers of 
L. canadensis were pollinated with pollen from L. floridana. From 
tlie see«l obtained 15 plants were grown, :> of which were weak and 
very deformed. Allbough kept in ]M)1s for sc'veral months, tiny 
failed to develop. Tb(‘ nunaining see<llings \\«*re strong and vigorous. 

Althougli both the s])e(‘it‘s used are normally biennial, two of the 
plants developed seed stems the first season and botli ])roved to la* 
hybrids. Both plants wen* strong and vigorous, but they wen* no 
taller and no heavier stemmed than L. canad(nsls and indicated 
little hybrid vigor. In general appearance they wen* intermediate* 
betwe(*n the two parents. The flow(*rs were inte'rmediate* in size*, and 
the corollas wen* blue of a little lighter shade than those of L. jlorldana, 
Both hybrid plants were partially self-st(*ril(‘, although both pro- 
du(M*<l a few seeds. An Fi population is b(*ing grow n. 

Laciaca gramlnifolia (17) L, canadtnsis (17) (fig. 2, !i and T).- 
This cross can be readily Jiiade* in both din‘(*tions. The F| plants an* 
inteniK'diate betw'ee'ii tlu* two species in most resi)(*cts, including 
height, size* and shape of leaf, color and sha))e of Iigul(*s, and color and 
size of aclienes. The writers’ observations indicate that the annual 
habit and the gray color of tin* jiollen grains of A. gra mini folia an* 
dominant over the* biennial habit and tlu* orange-colored pollen of 
L. canadaisin. The Fi was as fertile as eith(*r parent. 

hictaca canadeni^is (17) ' A. spicafa (17) (tig. 2, />).- From a 
))opuhition of 25 jdaiits grown from see<l n*sulling from this cross, with 
A. spicafa as the ]M)lh*ii pan*nt, 20 hybrids were obtained. In tlu* 
ros(*tte stage the hybrids res(*mbh*d A. spicafa mon* than A. canadt nsis. 
The fertility of the hybrids is not known, sinct* none have n‘ached tlu* 
(lowering stage. The reciprocal cross was (*asily obtained. 

Ijicfaca morssii Kol)inson, as described in (Jray’s Manual (7), is 
gem*rally considen*d to lu* a hybrid b<*tw'(*en A. spicafa and A. canadtn- 
sis. This fonn is fomul at low’ (*levations in parts of Maine and Massa¬ 
chusetts. Wiegand and Fames itO) n*port natural hybrids betw’(*(*n 
tlu*se two species occurring in the wild in New York State. 

Laefvea spicafa (17) A. (paminifolia (17). Eiglite(*n hybrid 
plants were obtained from this cross, L, (fra mini folia being used as tin* 
pollen parent. All of the hybrids w**re abnormal, W'eak plants unalde 
to sur\iv(* beyond the s(*edrmg stage. Tlu* reciprocal cross failed. 

Ijicfuca (jraminifolia (17) ' L.Jloridana (17) ((ig. 2, K). Reciprocal 
cross(»s were obtain(*d between these two sp(‘ci(*s. All of the 17 hy¬ 
brids produc(*d by using A. gra min [folia pollen W'(*r(* weak, abnormal 
plants. Of the 22 hybrids obtained by using A. ftoridana as the polh*n 
parent, 11 w'ere abnormal ami freakish and 11 w'(*re normal. Tlu* 
plants that flow’(*r(*d W(*r(» partially fertile. 



ruh IS 1441 


InUrsptciiiv (kmflc IhlatUmsInpH tn Lactuca 


99 



I i< » HI 2 \ Stun of (n) Laama (anadnisf^ \ ti Inhtolid^ ih) J tauu 

f/u/s/s \.ii Inlifolin I flotidnnUj 1 j, aiul (c) L ffoinlann Ji, stun 1< i\<s of 

ta I qinmniifohny (fn L qtaminilolin L rowfif/utsjs \hi tnhfohn, I i, and 
(<) L ttufuhnsts \.ii latifolin f, losdti Uaus of (r;) L qnimnufohtt, (b) I 
qinnuuifulm L (nnadmsis \ai inltqnfoiia I i, ainf (r) A cnnadni^is \h! 
utiqiifnlin It i\isof («) L lanadf tisis \a\ lahlohn, (h) L <atiatltnsi\ 

\Mi latilolm L s/j/ffi/ti, I j, and lU L spirain l\ lostili Itaxt^ of (a) L 
qiainnnfulHif (b) L qiamniifnlia L ilondann^ I i, «nd (n L ffondana /, 
‘'tun leaves ed (n) L taiatiia, {b) L tatmicn L Hondoho^ I,, and (e) L 

fbtndfihu (t sit in leaves eil (n) L (anadttt^ts vai Utltfolia^ (b) L rntifidtrfsis 
vai lattfoha L iatartaiy I i, aiiel (r) L iatnuca II, stern leaves of (a L 

qrannmiolidy (b) L qiamitufolia > L tatmicn, J i, and (c) tatancu 
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CROSSES BETWEEN 9- AND 17-CHROMOSOME SPECIES 


XflfMo! tatnrlca (9) X L. floridana (17) (fifr. 2, F).- L. tatanca, ui, 
annual species having 9 pairs of cliwmiosoines, was used »is tlio niatcnial 
mn-nt in a cross with the bi(‘nnial species L. fiondana, having 17 pairs 
of chromosomes. Both of thwc species are blue-flowered. The 
flowers of L. fatarka are mucli lai^er than those of L. mridava and 
the anther shea th is lc.ss pigmented. Both have pinnately Jobedleaves. 

Kigbt hybrid plants were giwii from the seed obtained from the 
cinss-iiollinations. All were self-sterile and behaved ns annuals. As 
ill most of the cases of self-sterility observed in Lactuca, iliost' plants 
(‘oi)tinu(*(] to fjrow «iul produced llow'ei's over ii loiij? j)eriod. 

TIu' liybrid plants sliow(»d marked hybrid vijror in the rosette staf?(» 
but (lid not d(‘V(‘lop (‘xtrenu'ly larj^e scM^d slcmis. The ilowers w'(‘re 
l)lu(» and al)i)Ul the same size "as those of Ijtcfncn tafanra. The dark 


pigmentation of the antlier sheaths in L. florUlam w'as dominant. 
The l(*a\es w'ere u {;ray j^iven similar to thos(» of L, taiarica^ but th(»y 
W(‘re mucli larger and broadiT than in (‘itluT pari'ut. Tlie annual 
habit of L, tatarica was dominant. 

(^ytolojrical examination of root-tip mat (‘rial showed tlie somatic 
cells of th(» hybrids to have 2(5 paim of chromosomi^s. 

iMcivca canadtnsis (17) X X. tatarica (9) 2, (r). Si‘veral tiower 

heads of tiie l7-chromosoin(' species Lactuca canadinnis were cross- 
pollinated with lh(» 9-eliromosom(‘ s])(‘ei(»s X. tatatica. Of the ])lants 
P'own from these* cross-])ollinations, M ]>rov(‘d to be int(»i*sp(»cille 
hybrids having: 2(5 pairs of chromosom(*s. All hybrids wen* com¬ 
pletely s(*lf-st(*rile. The plants w'ere cpiitc* uniform in jr(*n(*ral apj)(*ar- 
ariee and res<'mbh*d tin* X. tatarica par(*nt in many ehara(*t(*ristics. Tin* 
paiTiit plants appaiTiitly were somewhat h(*t(*rozyj]:ous. Althouj^h tin* 
hybrids wc'n* uniform in ^('ueral appearance, close (*xamination indi¬ 
cated consid(*ra]>le variation. Of the 114 hybrids, 5 were small and 
W(*ak as coinpari*d with the averafie of the ])o])ulation, and 11 of lh(*S(* 
dii»d before r(*achinp: the llow(*rin^ staj!:e. All tin* hylirids carri(*d 
anthocyanin i)ip:m(*nt in their leaves but were Jiot identical in ty])e of 
jii^mentation; IS were of the tin^(*d type ® and 1(5 were more hea^ily 
])ij?m(*nti*d, approa(*hin^ the n*d typ(*. The p-een of tin* leav(*s aj)- 
])roach('d the jrray j^n'cn of tin* X. tatarica pan*nl. Some of the hybrids 
dev(*lo]H*d a tliick lirowu epidermis that had a tendency to crack as 
the plants ivached maturity. Counts on the 1(5 mature plants show ed 
10 to have this character in some di*jj:r(*e. All the plants havinjr this 
thick outer layer app(*ared deformiHl. 

The llowTi-s W(*r(' int(*rmediate in size. The color of the corolla W'as 
nearly the same shade of blue as that of Ijictuca tatarica, showiiifi: 
dominan(*e of blue over the yi'llow' color characteristic of X. canadenais. 
Tlu'se plants ]m>duced an enormous number of flow'ers over a lomi: 
pi'riod, but no S('(*d developc'd. 

Sprouting!: from tin* roots, a characteristic ofX(icf?/c(//(/fanVa, app(*ars 
to be dominant. The se(*d stems W’(*re removed from 1(5 plants after 
lh(*y had b(*en in flow'(*r for several we(*ks. Most of lln'in liad devel- 
o])('d 8])routs from the roots 2 months after the s(*(»d stem was r(*inov(*(i. 
The hybrids did not show a t('iuh*ncy to sprout or stool from the crown 
as X. tatarica dex's. Tlie annual habit was dominant. Keciprocnl 
hybrids were obtained, but none were [j;rown to maturity. 


< The loaf color ty|ie6 ^cro Imsod on the classiflcation by Thompson (8). 
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Lactuca graminijolia (J7) X L. tafarica (9) (%. 2, 7/).—TIio tliini 
rross l)etW(‘C'n a IT-diromosome sj)i»cios and tlio O-cliromosoino spiH'ic's 
Tjictuca tatarica was obtained'by applying? pollen from L. tafarica to 
flowers of L. graminijoHa, Fifteen Jiyl)rid plants wen* j^rowii from 
iJiis cross, all of which were sterile. As in the* crosses of L. tatarica 
\i ith Z. canadensis and L. fioridana^ the hybrids more nearly resembled 
llie Z. tatarica pan^nt. 1'he gray green of Z. tatarica also appeared 
to l)(' dominant Jn this case. Tlie plants were a litth* larg<»r and more 
vigorous than either parent. 

TIk' flowers were intermc^diato in size and of about the same shade 
of l)lue as those of the' Lactuca tatarica jjan'nt. Some of the hybrids 
sprouted or stooled at the crown like Z. tafarica, while otln'rs product'd 
only a single' stem characteristic, of Z. gra mini folia. Like both pare'iit 
sjx'cie's, the' hybrids be'haveel as animals, proelucing flowers the first 
se*ase)n. Ilowe'ver, there was a great dilfe'cence in time' of seed-ste'in 
e'le)ngatie)n among the' hybrids, nine of them producing see'el stems 
much e'arlie'T than the remaining six. The individual plants within 
the twe) groups e'lemgate'd at about the same time' and rate. Plants that 
sleioled we're slower to elevelop se'eel ste'ins than singh'-stem jdants. 

Ijietnca lacinmta (9) X Z. floridana (17). Eighty-thre'e hybrid 
plants We're grown from see'd obtaine'd by ap])lying ))ollen of Lactuca 
flmidana te) flowei*s of L laciniata, and 11 we're obtaine'd from the 
rce iprex'al cross. Th(5 hybrids were all \e'ry wi'ak and unable to 
(h'Ne'lop beyemel the seedling stage, rc'gardie'ss of which way the e'ross 
was made' The' hybriel se'e'ellings de've'le)pe'd five te) six h'aves, the'ii 
turne'el ye‘lle)W' and died. These i)lants were readily distinguislu'd from 
cithe'i* pare'iit, anel there was nei doubt of their being hybrids. Pro- 
ge'iiie's from this cross we're plunte'el at thre'c diflerent date's, but in 
each case the' hybriels we're* w'e'ak and die'el after de'\ eloping a ft'W h'avc's. 

Jjietuca floridana (17) X Z. Indica (9) (fig. 3, -.1). Se\('ral fleiwe'r 
heads of Ijictuca floridana w'e'ie creisse'el with Z. indica. Only one 
hybriel plant was obtaine'd freim the se'i'el freim this e'loss. The j)lant 
was inte'rme'eliate in size anel re'se'inble'el the L. indica parent more than 
Z. Jlofidana. It hael antheicyanin spots on I he h'ave'S like' Z. indica, 
bill Ihe'v were* mue*h larger anel of a meire' inte'iisc re'd. The' flowers 
we'ie* internie'diate in size and the coreillas blue, of about the shaele e)f 
Z Jlot idana. The re'cipre)e*al eTe>ss faih'el. 

iMctuva floridana ge'iierally be'lia\e*s as a bie'iinial, and Z. indica is 
amiiiul in habit. The hybrid plant was an annual anel e'eimplete'ly 
sterile. 

Uietuea graminijolia (17) - L. raddtana (9). Fifty-tlire'c plants 
we'ie* gre)wn freim se'e'el re'sulting freim the' a))plicatie)n e)f ])e)lje'n e)f 
Lietuva niddairui te) Jleiwers e>f L. giaminifolia. Of the'se*, 4S we're 
li.vbriels. The* liybnel jilants WM'ie all very we'ak anel die'el in the 
M'e'dling stage'. 

Lactuca graminilolia (17) X Z. mvralis (9). Polli'ii e)f Z. niuralis 
applic'el te) fleiwe'rs e)f Z. graminijolia re'sulte'el in 9 hybrids out e)f a 
peijnilatie)!) e)f 14 plants. All tlie hybrids were WTak and unable te) 
survive' be'vond the* se'e'elling stage*. This is preibably the* wiele»st cre)ss 
ol)taine'el se) far, lor tlie two sfie'cies differ greatly in many meirpheibgical 
e'haracters. 

Lactuca canadensis (17) Z. raddaina (9). A pe)pulatie)n e)f 23 
plants w^as grown from se'eel obtained by applying ])e)lle'n of Z. raddeana 




l(*m of Lucluca Jlvridnna, yb) L. flortdartn / L i 

indicn; /#, stoiii lfa\f's of {a) L. gratnmijolin^ (b) L, gn 
Urn. Ki. iiiul Ir) L. indica: roM'llo lt‘av(‘.s of la) L. 
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to flowcT lioiols of L. va7M(lensis. Of \hv 23 plants ]() wort* vtTy wt'ak 
Iwbritis and all of Iht'st* diod in iho so(*dlin^ sta^o. Normal hybrids 
wore not obtained. . 

hwinca (jrarniniJoHa (17) X L. indica (9) (fij::. 3, Ji), From scumI 
obtained by applying? ])oll(*n of L, Indlca to ll()W(‘rs of JL. (//Yy/w/////‘a//V/, 
2!) livlirids wort* obtainod. All wore normal, vifrtirous plants, produc¬ 
in'*’smalb dark roddish-bluo llowoi*s similar to those olL. gram ini folia. 
Stum* of those hybrids produced Howei*s and a few seeds, indicatiuf:: 
partial fertility. 

Lactuca spicata (17) /' L. taiarica (9). Four hybrids oblaint'd from 
this cross with L. tatafica as the pollen jiarent W(*re all weak, abnormal 
plants anti were unablt* to survive beyontl tht* seetllinf^ slajje. 

fMctani canadensis (17) '< L. indiva {{)) (fij?. 3, rand J)), All but 
r» of 19 hybritls from this cross with L. indiva as tht* pollen ])arenl were 
v\(*al\, ar)Ut)rmal plants and dietl in the stvcllin^ sta^e. Some of the 
nt)rmal hybritl plants have ctmie to the flowt'rin^ stajre anti are self- 
.stcrilc. 

Lacfuva spicata (17) L raddiana (9). Five hybritl plants wen* 
ohtainetl from st*ed resullinjr from the applicalit)n t>f h. raddvana 
pollt'U to tlowei*s of L. spicata. All were weak anti tli(*d in the set*dlinjr 
staa:e. 

Lactuca spicata (17) x L- indica (9) (fi{?. 3, /s'). Fiftt*en by])ritl 
l)lants wtTt' t)btainetl frtnn a crt)ss bt*twtM‘n L, spicata anti L. indica in 
which the latter was ust*tl as the pollt*n parent. Tht* hybritls wort* 
sirt)nj>:, \ijj:t)rt)us plants. In tht* set'tllinj*: slaji:t* they looked more like 
L. indica tiian L. spicata. The lt*avt‘s wen* mt)re Itjbetl than those t)f 
L. spicata anti had larj^^v sjjots of tiark-retl anthocyaniu.. Stmie of the 
Inhritls luiNo reachetl Uit* floweriufr stajrt' anti t)ne has protlucetl a few 

M'cds. 

Lactuca Jloridana (17) ''' L. raddcana (9). J^ixte(*n hybrid |)lants 
Were t)btaint^l frtun this c?*tiss, L. raddeana bein^ u.setl as tht* pt)llt*n 
j>arcnt. All the hybritls wen* wt»ak, abin)rmal jdants anti tlii»tl in the 
M'ctllinj*: stajrt*. 

hjctuca iinnninilolia (17) ■ L. laciniata (9) (^i^^ 3, /’). Seven 
hybrid plants were t)l)tainetl frtmi this inatinji: at La dolla, (\dif. 
All of thiMii hatl consiilerable tlark-retl |)ijj:ment alt)njj: the midrib of tht* 
half, similar tt) that tm L. laciniata. These jdants were unmistakable 
hybrids and were very weak. They wt*re susceptible to a variety t)f 
foliaj!:e dist'ases, anti titine de\t*lo|)e(i past the rt)St*ttt» staj'e. Twenty- 
twt) hybritls were obtained at Belt.s\ille, Md., all but t)ne of which were 
Weak anti tlied in the seetHin^ staj^t*. 

Ijictuca (framinifolla (17) ■ L. cirosa (9) (li^. 3, U).^ One Fj plant 
was ohtainetl by ])ollinatinji: llt)wers t)f ljuiuca ijraminiJoUa yi\\\\ L. 
ritusa ptdlen. This ])lant was similar to L. yniminifoUa in mt)st 
respects. It W’as an annual and of about the saint* hcifrht anti shape 
as L. (jra/fi ini folia. It w^as ]H)sitiveIy idt^ntilied as a liybritl by the 
fact that the leaf blades W'ere characteriztMl by numt*rt)us small jiatcht'S 
t)r |)ijj:mt‘nt tm lht‘ uppt r surface of the leaf blatlt*, like L. rirosa. The 
llt)Wt*rshad tht* |)urplt»-colt)rt*tl li|^uli*sof L. (patn in [folia, but tht»])urple 
Was much lij^hter in tin* hybrid. 
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DISCUSSION 

Tlio results obtained from tfie interspceifie crosses reported above 
some interesting infonnaiioii regarding: the gjonetic relationsliip 
of certain species within tlie {jenus Lactuca, 

T1h‘ hreedinj? behavior of the 18 fonns studied indicates that, 
exceptiiifr tlie 8-clnoniosome species Lactuca hourgaei and L. crefica 
and the O-ehromosome si)ecies L. muraUs, L, perennis, and L, chou- 
flrillaeflota, all belong; to three quite distinct compatibility g:roups: 
(1) The p’oup hereinafter called the seiriola f^roup, consisting of L. 
serrioloy L. saiitVy L, saligna, L. altalca^ and L. rirosa; (2) the grouj) 
li(»ri‘inafter called the indica group, consisting of L. indica, L. larinmta^ 
h, raddeamt, and L. tatarica; and (8) the group consisting of the four 
17-chroinosoine sj)eci(‘s L. canadensis, i. spicata, L, foridana, and L, 
graminijolia, 

In grou]) 1, Lactuca satira, L. serriola, and L. alUiIca are indicated 
to be varieties of the same species, since* tiny cross readily in either 
direction, with fertile progenies, and have many morphological charac¬ 
ters in common. In group 2, L. laciniata is iinlieated to be a variety 
of L. indica, since tlie two forms have many morpliological similarities 
and cross readily, giving fertile jn'ogenies. 

Though hundreds of cross-iwUinations ^\(*re made bet^^(*en spe'cies 
in group 1 and those in group 2, not a single hybrid was obtained, 
suggesting a remote genetic relationship betwe(*n these two groups 
of 9-<*hromosoine species. 

Altliough Lactuca indica and L, laciniata are nioiphologically 
closely relat<‘d to L, scrriola, L. saligna, and L, rirosa, and are ta.x- 
onomically placed in the subgemus Seniola, tliere is evidence of some 
genetic rcMationship with L. raddeana and L. tatarica in the subgenus 
Mulgedium, 

The four species witli 17 clu-omosom(*s have* been separated by 
taxonomists into the two subgeiu'ra Serriola and Mulgedium largely 
on the characters of tlie aclic»nes and involucres. Lactuca canadensis 
and L. graminijolia have beem assigned to tlie subgenus Seniola 
and L, jloridana and L, spicata to the subgemis Mulgedium, Four 
crosses were obtained between these two siil)gen(*ra, namely, L, 
canadensis X L. jloridana, L, canadensis XL. spicata, L, graminijolia 
< L. Jloridana, and L, spicata y L, graminifolia. The first-named 
cross gave some fertih* prog('ni(»s. Fertile liybrids of tin* second cross, 
L. canadensis N L, spicata, have very likely dexelojicd in nature 
(7, 10). The third cross, L. graminijolia L. foridana, gaxe par¬ 
tially fertile progenies. The fourth cross, L. spicata L. gramini¬ 
jolia, is know n to iiroduci* self-sterile i)rogc*ni(»s. A fifth cross betw'een 
tw'o 17-cliromosoine sp(»cies in the subgenus Scrriola {L. graminijolia 
X L* canadtnsis) fiTtile progenies. These results indicate* a 

close gemetic re*lationshi]) among all fenir of these* spe*ci(*s. 

Sixte*en suce*e*ss[ul cixisse's W’cre made betwei*n 17- and 9-chromosoine* 
spe‘eie»s. All of these exce»pt one* involved 9-chromosome specie's 
w'illiin the Indica greuip. The only hybriel jdant obtaine*d be*tw(*en 
a 17-chromosome spe'cie*s and the sirriola grouj) w^as at J^a Jolla, 
(^ilif., betwMH'ii Tjoctuca graminifolia and L, virosa, whe*n virosa 
pollen w'as used. Table 1 slmws the many attemj)le*d cre)sse*s betwe*e*n 
the 17-chromosome group and the 9-chromosome scrriola group. 
Ill most eases at least 10 flower heads were cross-pollinated, and in 
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maiiv cases a large iiiiiiib(»r of cross(»s ^\(‘re tried. Most of tliese 
atteiiipts were made under conditions favorable for fertilization, 
vet only tli<‘ oru* hybrid plant ^as olitained. 

Tlie ease v, ith wliicli crosses were obtainc»d betwcM'ii the 17-ehroino- 
M»nie specie's and the 9-chi‘oiiiosoin«' Indica grou]), as coini)ared with 
tilt' almost total failurt' to obtain crosses bt'tween the 17-chroinosoiiio 
irroiij) and the sftriola group, indicates a Jiiuch clost'i* gi'iietic relation¬ 
ship between the 17-chroinosojne group and the indica grou]) 
than bt'twt't'ii tlie 17-chroinosom(‘ grou]) anil the scrriola group. 
Tliis is closely paralleh'd by the similarity betwi'tsi the tvro groups 
in gross morphology. 

It is generally assumed that the 17-chroniosome species, Jjaciucu 
canadfrifiisj L. spicaUt^ L, floridana, and />. tjra mini folia, art' amphi- 
(liploids, having arist'ii from liybritls belwt'en S- and D-cbroJuijsonie 
‘^pi'cit's. If this assumi)tioii is ct)iTect, the behavior of the intt'i- 
spiM-ilie hybrids ht'rt'in ri'])ort.i'd indicates that the l)-chromosome s])!'- 
cies eontribiiting to tht' am])hidiploids W'l'iv mort' likely to ha\e been 
nii'inbeis of tlu' indica group or closely rt'laled spt'cies than of tlie 
snfiola group. 

Tht' stt'iility of many of the inteis|)t'cific liybritls im'vents any 
(‘xti'iisivi' siutly of the inlierilance of characters; however, an apparent 
ilominance of ct'iiain eharactem was noted iu the Fj po])ulations. Tht* 
annual is tlominant over the biennial habit, as indicated by tht* matings 
of Lactuca canadntds Y L. tafarica, L. jlotidana ^ L. iata/ica, anti L. 
flo/idana A. indica. L. canadfnsis anti L.Jlofidana art' both bien¬ 
nials at least the stocks ust'tl iu thest' studies W’cre bii'nnials; L, 
indica and L. iaiariva art' annuals. All of the hybrids \ver(' annuals. 

AVhi're lobetl-leaved species were crossi'd with laiiceolatt* nonlobed 
Npt'cies, the li;vbritls were always lobetl, iinlicating dojniminct* of this 
characli'r. 

liight-t'olort'd, gray, or whitish color of jiollon was tlominant over 
orangi' in Laciuca (jraininiloHa . L, canadtnsis, L. canadaitiin ■ L. 
fatffrira, and L. utaminiioHa - L, indica crosses, in which L. (jfami- 
niifdia anti A fatarica lunt* light-colon'd ])ollen. 

The gra^-gn*l'n foliage et>lor i»f lMc*nca laciniata was dominant' over 
other loliage grei*ns in L. laciniata L. indica anil L. Jlot idana « L. 
laciniata. 

'J'ht* tt'iulency to sprout from the lotds, clia raid eristic oi Lacfaca 
Utfatica, appeared to he a dominant chaiacti'r in tht' liybritls L. cana- 
dtnsis L. tata/ica, Jj. flo) idana tata/ica, L. taUinca ^ L. in¬ 

dica, anil L. (j/aininihdia 7^. talarica. 

Tht' susct»j)tibilil^V of Laciuca laciniata toft'rtain foliagt* iliseases 
Jippi'aretl to be dominant, as most of tin' hybrids in whidi this specie.-i 
was a pari'iit wi're subject to similar malatlit's, whicli atldt'd to the 
difficulties of growing tlie hybrids to the ilowi'rmg stagt* 

Anthoeyanin ])igjnent in tin* foliagt*, stems, anil flowers was in t'very 
case tlominant tivt'r its abst»nct*. 

Till* nit*nibranous margins on tin* achenes of Laciuca canadt ndt<^\cvy 
tlominant in L. canadr nsis • L. tatarica and L. canadt nsif< ' Jj. Jlori- 
dana crosses. Although 1j. canaduhsin L. tata/ica liybritls w'l'ri* 
slt'rili*, e.Namination of the inft*rlili* o\arit*s showed them to havt* this 
t\pt' of margin. , . 

Fi'W' wt*ak s])ines, or no spines, on the und(*r side of the midrib of 
tin* leaf seem to be dominant over many coiuvst* spines. 
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In most (Tosses lietmTii 9- and 17-(diromosoTno sp('ci(‘s, hybrids 
w(‘r(‘ o!)tain(»d only whrn tlu^ 9-ehromosoiiio sp(»rios was used as tlu' 
pollen pan'iit. In fact, it is {;en(‘rally eonsiden'd difficult to ('ffect 
crosses b(*tw(M‘n specie's of different ehroinosoiiK* number wbcui the 
sp(‘ci('s bavinj^ the larpT number is us(‘d as tlie judlen panuit. Miiiit- 
/inj? (fi) discuss(»s at soiiu* b'Ugth this (|U(‘stion of cross(»s belw'(*en sp(»- 
ci(‘s Ixunfr mon* succ(*ssful wluui the one having the larjrer (dironiosonn^ 
number is used as the maternal panuit, and be offiTs double fertiliza¬ 
tion as tb(‘ possibb* (‘xjilanalion. In two case's lierein report(*d two 
sp('ci('s of diffiT(*nt cbromosoine nuiid)er were cross('d in both din'c- 
fions, with hybrids resultinjr. Tlu'se wc'H' the lAictuca flnrltlana / L. 
ladnlata and L. canatlmsis / L. fatarica crosst's. 

It is not assuiiK'd that tlu'se invc'sti^ations reveal all the possible 
relationships (bat (‘xist amon^ tlx* spcTU's studied. \(» doubt, und(»r 
n»on» lu'arly optimum comlitions for certain of tb(‘se speries, cross(‘s 
mi<i:bt lx* effected that an* licTein rc'ported to liave failed. K(*rtile 
embrvos under ('(‘itaiii conditions mi^bt d('\('lop in hybrids lu'iv im¬ 
ported to lx* completeh self-stenle. TIu* hybrid Laduca raddnuia • 
A. intlica is an (*\am])b'; if the two plants bad not b(»en obst'rved 
can'fully in the vm-y last stages of maturity and tb(‘ immatun' embryos 
tc'sti'd for viability, tlu'se hybrids would ba\e Ixx'n r(*port(*d ns com¬ 
pletely self-slcril('. Ilimdnxls of cross('s were made Ix'twtM'n L. drosa 
and otluu* memlx'is of this ninc'-ebromosonu' ^rouj) Ix'lon* hybrids 
w('rc‘ obtainc'd with L. sariola. 

The extent of tb<‘S(' invi'stiirations and tlx* n'sults ol)tained would 
s('em to (‘stablisb tlx* close* n'lationsbip amonjr the sp(»ci(*s within the 
tw'o niix*-(*bromosome p'oups arxl the nx)r(* nunotc* relationship, if not 
compl(‘t(* incomi)atibility, of the (wo ^rroiips. 

Tb(*s(' studies have contril)ut(*d sonx* tanj^ibb* support to tlx* 
assumed ampbidiploid nature of the 17-clnomosome sp(*(*i(‘s aixl i>:i\(‘ 
substantial (*\ideix*e that tlx* 9-cbroinosonx* s|)eci(‘s invoht'd in the 
svntlx'sis of tlx* aiiipbidiploids was a m(*jnb(*r or W(*r(* nx'inbers of 
the indiva lmuuij) or closely n*lal(*d sp(*cies. Similarly, tlx* 9-cbromo- 
some sjx'cies includ(*d in tlx* ,strrlola pmup are practically (*liminat(*d 
as possible contributors to the svntlx*sis of tlx* ampbidiploids. 

The imsults of llx*s(» studies of inlers]x*i‘ilic hybridization have* oiu* 
discouraf>:in;>: aspc'ct from the viewpoint of the lettuce brei*d(*r; that is, 
tlx* apparent };ent*tic incoinjiatibility of the cultivat(*d form Lirtuca 
satif^i w‘itb many oi the otlx*r species of tlx* ^enus. Hybridization of 
L. satira appears to be possible only with L. stniola aixl possibly with 
some very close ly redated feirms Some* e)f tlx* most preunisinj; inate*- 
rial for l)re*e*erms>: for ivsistance to ce*rtain elise*ase*s is in spe'cic's t.ex) 
re*mote*ly re*late*d j!:e*ix*tically to A. satira to permit bybrielization that 
will re*sul( in fe*rtile pre)<j:(*nie*s. 

SUMMARY 

Re*sults from SI atte»mpteel intei’specific cre)ss(*s amonf*: IS sperie's of 
the jrenus Lactvva are* pimse'nted. Tbi*se crosses involv'e*d tw'e> S- 
cbre>mosome, twelve* 9-cbre»me)se)me, and four 17-cbrome)some specie's. 

Of the SI at tempt e*d crosse's, 29 were successful in produciiij? vdiible* 
(*mbrye>s and hybrid se'e'diinjrs. 

Eleven of the*, succe*ssful crosse's were self-fertibi or partly so. The 
re'inaininj? 18 produced cither weak, abneumal se(5dlings‘unable to 
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mirvivo boyoiul the inhuitileor rosette staj^c*, or strong:, vig:orous plants 
tiial (l(‘V(‘lope(l more or less nonnally but were eoni])letely self-sterile. 

The four 9-ehromosonie speeies Lactuva \iuUvn, L. laclmata, L. 
iaiarktu and L. riuUUaNd were* found to be elosidy related "enetieally 
and capable^ of erossiiig; among: tln^inselves. Kxeept in the ease of 
A. iNiUca ^ L laeiNiata and L. radthaha L. Indica, the hybrids 

v'.civ s(df-st«»rile. 

The nine-eliromosonK' speeies />. satira, L. L. altaica, L. 

sdliiina, and L. rirona \v(‘re found by breeding; behavior to be elosely 
reial(‘d and eapable of enissing; among; themselves. Sonn* of the 
hybrids resulting; from <*ross-|)oUination \\ithin this g;roup were as 
fertile as either i)aren1; others eompletely self-sterile. 

Althoug;h many erosscs w'(U*e attempted betw'e(‘U speeies from tin* 
two g:rou|)s of nine-ehromosome s|)eeies list(*d abov(‘, no hybrids were 
obtained. 

1'ln* four 17-ehromosome speeies studied W(*re found to be elosely 
related g;enetieally and eapable of erossiiig; among: themselves. Some 
of these erosses resulted in fertile or partially fertile hybrids. 

Sixteen atteinptiMl erosses betwi*en 17- and 9-ehromosonu* speeies 
wen* siieeessful in ])rodueinf^ fertilized embryos. All but 2 of these lb 
crosses involved a U-ehromosonn* speeies in the itulica g;roup. (^I’osses 
h(*t\\e<‘n the 17-ehromosonie speeies and the P-ehromosonn* speeies 
ol the sirritda g;roup failed in every ease but I, that of Lartaca 
limiNniijolUt • L, riroftn. 
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INTRODUCTION 

Tlioui^h it is known llial sulfalo sulfur disappears in th(‘ ^iwn 
plant to reappear as (UsuHi(l(‘ (eystine) and sulfliydi-yl 
little is known eonceniinjr tins proe(‘ss of reductioji, or of the inter¬ 
mediate <»om])ounds involved. Nightingale et al. (U) found that 
sulfate is redueed to sulfite and apparently to sulfhydiyl in the 
(omi)aralively alkalim* phlotmi rejrion of roots and tops. Neither 
lleiserieh f/>) nor Mothes (fU) W’as able to l)rinj>: about reduetion of 
•^ulfate with iiiaeerat(‘d jrreen tissue, llowevm-, reduetion of sulfate 
to disulfide w^as reported by lliuninett and Reynolds (f) to take plaee 
with extraets of Phamnluff tul(f(t/is loot tips. They eoiisidered the 
proeess to be enzymatic, since th(‘ heated (*\tracts did not eausi* a 
<liminulion in sulfate. 

.Vceordiiifr to suminarii^s I)y Pfeffer (/.>), Jost (O'), and Miller (f^), 
areeii iilants re(|uir(‘ sulfate and are unabh^ to assimilate any of its 
redii<*lion iiroduets. Recently, howexer, iiu^reasiMl yiidds liavi* been 
lound to occur with atinospheric sulfur dioxide (0.1 to 0.2 i).t).m.) 
by Selterstrom (y{). Though tli<» possibility exists that oxidation of 
sulfur dioxide occurred prior to use, the experimental (lata would 
indicate the diNirability of a rivsludy of sulfur utilization in p*(H'n 
plants Th('r(‘ can bi' little doubt of the prcsiuici* in plants of sulfur 
idm|)ounds intiTnuuiiate in oxidation betw(‘en sulfhvdiyl and sulfate 
(/0, 12). It appears improbable that sulfur is introdiUTd into orpinic 
nunpounds as sulfati* by the j»rwn plant without piwious induction. 

The situation is <|uite difrorent with r(‘spe(‘t to fun^i. Th(\se hav(‘ 
heiui frrown sueei'ssfully with a larjre number of sulfur compounds (J, 
/', /N, Ilf). Tien*, airain, insufficient e\id(»n<*e is available to deter¬ 
mine tin* course of sulfur assimilation ('xeept in a freneral w^ay. Motlu's 
Uth was able to determine, howevm*, that the sulfur imdabolism of 
Asptrfiilhfs ///V/(r parallels that of^reon plants, wluwas it div('rjj:(»s from 
that of the y('asts. Full<»r information, in his ()pinion, may reveal that 
^l)ecific diflerences in sulfur metabolism also (»\ist bet w’(*en jrreen jdants 
and funjri. 

A jreneral survey of the ndation lietwec'ii constitution and assimi- 
lahility of sulfur compounds wuis tluTcfore und(»rtaken with this funjru**. 
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A kiiowledpjt' of sulfur inetuboHsm in AsprrgilJus nujer should 

])rovo of valuo in working? out that of the green plant. The absence 
of raj)id and sensitive methods for the chemical identification of sus¬ 
pected intermediary forms of sulfur made necessary the adoption of 
comparisons upon an exactly' (juantitative basis. This was accoin- 
plislied bv measuring assinnlability of sidfiir by the yield obtained 
with lio mg. of sulfur ])er liter at (\, after 4 days of growth in an 
optimum solution. The ma.ximum dry weight (1,100 to 1,;J00 mg.) 
obtained with sulfate sulfur served as a standard of comparison. 

The sulfur comjaumds studied fall into live groujis of which the 
known reduction products of sulfuric a<*id arc tlie most important. 
Other sources of inorganic sulfur ar(5 the tliionic a<'ids. The iiaturally 
occurring sulfur compoumls, such as cystine ami methionine and their 
derivatives, fall into a sjiecial category. Lastly, there are the miscel¬ 
laneous organic sulfur com])ounds, some of natural oc(*urrence, includ¬ 
ing the oxidation-redm'tion series of mercaptan sulfonate and of sul- 
tide-sulfone. These are treated separately. These substances are, on 
the whole, the simple sulfur-(*otttaining compounds into which the 
more complex forms \\(»uld be transformed before assimilation under 
ordinary conditions. 

The general assumi)lioii underlying the e\j)erimenial f)rocedures atid 
interpretation of data is that the initial stage-^ of sulfur assimilation 
are ess(‘ntially a process of chemical reduction (digestion). Armstrong 
U) and others have found A^^pnyilhtu iiifpr to he capable of carrving 
this reduction to the pnxluction of elemental sulfur. Inability of the 
fungus to grow wljen supplied with sulfur in a reduced form w'as 
assumed to imply, in addition, that oxidation of nutritiNc sulfur is a 
matter of diflicufty for the fungus. 

Paralleling the studies on sulfur assimilation were others with tl.e 
trace elements iron, zinc, copjier, manganese, moU Ixhuuim, and gallium. 
The elfects of a <lcliciem‘y of each of these elements wen* studied with 
a variety of sulfur «’ompounds in an attempt to determine whether a 
specific role was played liy one of these elements in the (enzymatic) 
reduction of sulfur com])ounds. A relationship f>f this sort has been 
found betw(*cn nitrate rediK'tion and molylxlenum {17). 

MATERIAL AND METHODS 

Asmrfflllus nltpr Van Ticgh. (No. 21.1 1247 in tlu» collection of Dr. 
('harh»s Thom) was grown on .IP-cc. portions of a nutrient solution in 
2()()-cc. Krlcnim\ver flasks at ILl"' (\ for 4 days. Tin* nutricuit soluti<»n 
consisted of redistilled wuiter 1,000 cc., sucrosi* .10 gm., n*ag(‘nl am¬ 
monium nitrate 2.00 gm., reagent dipotassium phosphate* O.IM gm., 
and r(*ag(*nt magnesium sulfate (TIIjO) 0.2.1 gm. This solution 
contained 2.1 mg. of sulfur per liter, or 1.2.1 mg. of sulfur p(*r culture. 
PractU’ally spectroscopically pure iron, zim*, co])])er, mangan(*sc, 
molybdenum, and gallium were suf)plied as chlorides in concentra¬ 
tions of O.IU), O.IIO, 0.07.1, 0.07.1, 0.02, and 0.02 mg. per liter, r<*sp(‘c- 
(ive*ly. The sucn»se contained O.OOOS7 |*crc**nt of ash. All <*ultural 
vessels and acevssory apparatus w^ere of transparent (piartz, except 
only the boiling (la.sk of the still and the storage bottle for redistilleMl 
w’ater, which were of silica ware. Inoculation was by means of a 
spore suspension. 

When nutrient-solution purification {lo) was employed, tin* am¬ 
monium nitrate was incr(*ased to 2.00 gin. jicr liter, the dipotassium 
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pliospliiito to 0.70 jrin., Hi)(l iho oia^iirsiiini sulfate* to I.JO jciii. in the* 
tibovo formula. After tin* adciition of 1 of ('aleium earbonalo 
and lieatinji: to 100® (\ for 20 ininuteK (steaincM ), tin* solution was 
filtered tbrougli a fritted (|uartz erueibb* of No. *1 porosity. Trace 
elements were added subse(|Uently. 

In solutions provided with olh(*r than sulfate-sulfur, ma^nc»siiim 
was supplied asM^dj.^IliiO, ().21 jrm. ])er litei, or 0.01 ^m. per liter 
when the solution was purified with calcium carbonate*. Sulfur 
compounds other than sulfate w(*re* also supi>li(*d in eon<‘e*ntra¬ 
tions suiriei(*nt to provide 25 in^. of sulfur ]>er lite*r, or, if subject(*d to 
niUrieMil-solution purification, 50 in^. of sulfur ixt liter 

In j)erformin<i: the* stare'h te'sts a elre)p of N720 ieieline se)lution was 
plae*e*d e>n the re*verse* e)f the* inye*e*lial f<‘lts elurin^ filtration, A^ashe*el 
seve*ral tinu*s with \vale*r, ami e*xamim*d lor starch at xlO majrniiica- 
tie)n afte*r the lapse* e)f an henir e>r Jiiene*. A ejuiidiyelreme e*h*ctre)ele 
was use*el te) eh*termine ae*ielily. Yie'hls an* ^i\e*n per eidture e)f 50 
ce*., the in>c(*lial fe*lls havinjj: be»e*n elrie*el at HKl® (\ e)V(*rni^ht afte*r 
(iltralie)!! with fri(te*el jrlass enie*ibh*s e)f \e». ^ pe)re)sity. 

The sulfur ce)m])e)unels use*el we*re re*ap:(*nt e‘he*inie*als e)r the purt*sl 
a vailabh*. 

ASSIMILABILTTV OF JNORCANIC SULFUR 

The maximum yie*hls e)btaine‘el witli sulfate* anel its])re)ducts e»f re*(luc- 
tie>n are* tabulate*el in table* I. It e*an be* se*e*n (hat as sulfate* was suc- 
ce*ssively re'elue*e*el te) sulfite*, hypeisiilfite*, sulfoxylate, anel sulfieh*, ne) 
eliminutiem in a*-Niniilalie)n e)ce*urre*el until (he* sulfieh* was fe)rme*d. Sul- 
fe)\vlate*, the)n^h une)btainabh*, is ine*lueh*el he*re* b(*e*anse* «e)diuin hyj)e)- 
suliite* hyelre)lvzes in slijrhtiN aeiel s(ilutie)n le) form an e*e|uiine)h*e*idar 
mi.xt lire* e)f sulfe).\\ lie* anel sulfuieius aciels, w hich is assimilal(*d as re*aelilv 
as sulfure)us ae id ale)ne‘. rtilizatie)n e)f se)elinni hype)sulfite is lh(*re*- 
fe)ro e*e)nside*re*el to eh*pe*nel whe)lly ein the* formatie)n e>f sulfe)\vlate*. 
The* bisidfile re*sielue* Im ])re*suniably re*eliic(*el ajrain to se)dium hype)sul- 
fite* by the* fungus. It ele)e*s neit se*e»m pre)babh* fre)m the* che*niical 
elata as surnmarize*el b\ Me*lle)r (.S’) that sedloxviale* has b(*e*n ])re)eluce*el 
dire*e*tly by re*eluctie)n of hype)sulfi(e*, (heni«*:h sulfieh* e*an be* se) loriiie*el. 
It is e*h*ar, at any rale*, that senliuin sulfoxylate* sheiuhl alse) be* e'apable 
e)f t^ivinj*: maximum yie*hls, anel that it is the* h)we*sl stale* e)f e)xielalie)n 
in \\liie*h ine)rjriniie* sulfur ca»i be* utilize*el e*fUcie*n(h. 
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Kesiilts witli and disulfide require further (explanation (see 

also taldcs 2 and fi). An old sample of sodium sulfide pive maximum 
yi(*lds, as did also tin* sodium disulfide fonned by solution of the 
ealeiilaled ainounl of sulfur in a q-peiwnt solution ol the sulfidce. 
Inasmueh as tliis same* sample has bivn used in a jmeyious study (/fi) 
and found uns(‘rvie(*al)he as a source of sulfur, additional tests were 
mad(‘ to clear up the discr(*pancy. The (lain obtaim'd indicatc'd 
that the sulfur of old and presumably altiuvd (oxidizc'd) samples of 
socliiim sulfide (or disulfide prepaivd with it) was fully assimilable. 
Kn‘sh sainphes pive poor j^rowth, slumiiijr symptoms of sulfur (le- 
licicMicy. I'lie transformation of nonassimilable sulfur of sodium 
sulfi(h* and disulfide lo assimilable sulfur ^vas found to be acc(‘l(erat(ed 
ev(en by slijrht alkalinity. Yiidds with disulfide wen' uniformly 
^ivater than with suHid('. This dilfeivnce will be discussc'd in c(.*n- 
neclion with tabh's 2 and .*). 

(irowth with sulfur as hydrop'ii sulfiih' was almost o])timum, but 
little W(»i}rht is ])laced on these data, inasmuch as passap' of pis 
through the nutrient solution {Ty minut('s) causjsl prc'cipitation of 
much sulfur. As will be noticed, IVrrous sulfide s(*rv('d ])oorly as a 
sour('(' of sulfur, thou} 2 :h de(*omposed by the orpmism, unh'ss a larp' 
I'xcess was present. Turbidity of the substrate* in tin* latt(*r case* 
would indicate that a similar d(*(*om posit ion of hvdrop*n sulfide* 
prc'sumably occurre'd as with passap* of tin* pis. 

An oxiefation ])rodu(*t eif sulfuric acid, naiiie'h, pe*isulfate*, prov(*d 
freedy available* as a source of sulfur, and it is be*Jie*\(*d that it would 
have* pve'ii maximum \i(»lds with adjustme'iit of other compone*nts of 
the nutrient solution. A like* inte'rpretation of the ivsults with sul¬ 
famic acid is also probable*. Only two of the* six kiieiwn tbiemic acids 
could be* trie*d as sourc(*s of sulfur, nanie'ly, thiosulfate and dithionate* 
vSodiuni thiosulfate* pive* maximum yie*lds whe*n usesl as a soure*e* of 
sulfur. Practically no fxrowth occurre*d with sodium dithionate*. 

'Faulk 2 I'Jfirt of arnlihf ami ng< of saaiph on Iht uttlizalioa ol sulfuh ami tlisaljuli 
hif AsjH tgiilas nn/tt ( / flatf,s^ quarth at ) 
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ztiliun is nffonlod hy (iic ilntii of tiihli* 2. Altciitinn is cnlliMl to tlio 
incronsod yields iKronipiinyin^ inerensod ime of the sample of sullicle. 
A slight initial alkalinity of the iintrieiit solution h‘d in all eases to an 
inereiise in yield. jiaitieiilarJy with the fresh and presiiiuahlyuiioxi- 
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sample. This is iiiter])i*ote(l to imply that sulfi<le and disulfide 
are more rapidly altered in alkaline solution to forms assimilalilo hy 
Aspergilh/s niger. It is a matter of j^eneral knowledge to myccdogists 
that even higher acidities than are here dealt with promote increased 
growth of this fungus. 

Insidlicieiit evidence is available to form a final opinion on the 
cause of the higher yields with disulfide as compared with sulfide. 
The use of sulfur w’aslied with aleoiiol and watiu- for the preparation of 
disulfidi* has little elfeet on yield. Sulfur is (juitii diflicult to obtain 
pure and free from oxygen excefit by n*crvstaliization in carbon disul¬ 
fide and subse(|uenl distillation in niti'ogen (/). Washing the sulfur 
as aforesaid, ])rior to the preparation of disulfide, woulda])])earof little 
\alue in this connection (<V). 

The possibility exists tliat chemical transformations that result 
in tlu' formation of assimilable sulfur are more readily undergone by 
disulfide* than by sulfide. Stock solutions of the former alter more 
rapidly on standing than <lo those of the sulfide (yiedd of fungus). 

ASSIMlIiABILTTY OF SULFUR IN CYSTINK, METTIIONJNK, AND 

THIAMIN ^ 

(Vstidne ami oxidized derivatives (table* 15) gave* maximum growth 
whe*n siipplie»d as sonrce*s of sulfur. The same* is true for taurine, 
whie*h might be* coiisiele*re*d asfornie*d freun cysteic acid by d(*carboxyla- 
tion, anel lor taurine* disulfo.xiele*. l)e*aminization of taurine* to form 
e*thane* sulfeuiic aciel e|e>e*s not eliininish the assimilability e)f the <*on- 
taine*d sulfur, as is sheiwn by the yie*lels obtaiue'el with peitassium 
e*fhane‘ sulfonate*. Henzylalion of the* sulfhydryl group of cyste'ine* 
was only me)de*rately e*frective* in eleere*asing the a\ ailability of cyste*ine* 
sulfur. Me'thionine, cystine, cyste*ine*, and homocystim* were (*c|uallv 
efi’e'edive* as se>urce*s e)f sulfur supply. A te*st with thiamin cliloriele 
re*\e*ale*el that this e*ss(*ntial metabolite in the* nutrition e)f the fungi 
was unable* te) se*r\e* as a ge*neral se>ure*e* e)f sulfur supply. 

'I’xuLK (Innrfh dala foi Ai^pt tfjiltus nign' alitr $ (it (\ with uithiholifrit 
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Th(‘ sfnte of oxidation of sulfur in anabolitos is iminatoiial, (liero- 
in their use by tho organism as a general aoureo of sulfur supply. 
Tins is in marked eontrust to the results prc\iously diaeiissed on the 
assinnlatu»n of inorganie sulfur It is e\ident, therefore, that a clear 
distinction must be made in the nutrition of this fungus between cora- 
poumK lequiring digestion and those utilized ^^ithout a preliminary 
alteration, because they aie identical A\itb substances (anabolites) 
necessarily formed durmg dexelopineiit 

ASSIMILAHILTTY OF SIH^FUR IN MISCELLANEOUS ORGANIC 

COMPOUNDS 

(Jrovvth data for nigtr with sulfur compounds of the 

UKTcajitan-sulfonale senes, the sulfide-sulfom* sei les, und iniscellaneous 
(compounds are given in table 4 The slight increases in yield vmIIi 
//-prop\I sullone, w-amvl disulfide, benzvl isothioiirea, and l)(‘nzo.\I 
pei-siilfide aie perhaps fortuitous and due to impurities of otlu'i suHui 
compounds \n interesting leatiiie of these res])onses is tin* failuie 
of ethvi, ])iopAl and heptyl iuei<*aptans to ser\(* as sourc(*s of sulfur 
It (an probabl\ In* assunn*d that all alkvl merca|)tans an* us(4(‘ss as 
siilfui supjily \e\(M*tln‘l(*ss ethanesulionic acid, an oxidation juodin t 
of elh>I ni(*icaptan, luinis|n*s suHui m u'adih availabh* fonn, as does 
isoani\l sullonn* ai id (table 5) 
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Tm*I-*e .*). of hartutH ion on ijrowih of Asptrgdios nign’ (4 dogs at Jf*" C\) 

with vonouH sulfur compounds 
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'rrisil of alkyl siilfiniit(‘s (‘ould not bo but ^nmtb with sodium 

hydroxymotluino sulfiiiato (sodium fonualdobydt' sulfoxylatiO \\as 
rully otjiial to that of any soiiroo of sulfur. Its sulfur is in thohmost 
of oxidation conijialiblo i^ith maximum olfioionoy of assimila¬ 
tion of ail orjranio comiiounds invostij^atc^l (‘xropl m(diru>ninc», cysti'ino, 
boniocystino, and cystino. It is important to no1(» tliat, liko all siilfi- 
nat<*s, it may bo oonsidorod a dorivativo of sulfoxylio arid, \vbos(* sulfur 
is in tho lowost slai^o of oxiilation for maximum otfioionoy of assimi¬ 
lation of all inorpinio oompoumis invosli{.?atod. Tliat is to say, sulf- 
c)x\lato and sullinato an* synonymous torms, tin* ono usod for inorpinio 
oompounds, tho other for or^anio. Tlio oh(*niistry of sodium hydroxy- 
iiK'thano sidtinati* has l)(*(*n disoussod by Ua/Jon iS) and A\hitmoro 

Tin* dilTon*no(* in nutriti\o value of sulfur in sulfhydryl and «li- 
sullido anabolit(*s (oysloiiu*, <*ystim», and mothionino) and of oalabo- 
litt»s (alkyl in(*roaptans, alkyl disulfides) is sluirp and eloan-out. It 
would indi<*ato that tho important faotor, at h*ast in metabolism, is 
niol(*oular oonlijjuration as a wboh*, and not tho oonfiji:urafion of spo- 
rifio p-oups in llio molooulo. 

Other interestinji: features are nonassimilability of beiizi'iie sulfur 
d(‘rivati\es, tin* availability of sulfur in dithiooxalie aeid in eontrast 
to the unavailabilitV of that in thioaeetie aeid, tin* (‘Ifeet of an amino 
^rou)} attaelu'd to tin* same earbon to whieb sulfur is attacdied by a 
doubh* bond (thioae(‘tamide), and the elfeet of introduetion of oxyp'ii 
into the alkyl frroups of ethyl sulfide (/3, ji-dihydroxyethyl sulfide). 
Th(*se citations furnish exampl<*s of tin* influ(*nee of adjacent jrroups 
in the organic molecule upon the rale ami (*ase t>f assimilation of its 
contained sulfur. 

Availaliility'of a number of alkyl su]fonat(*s p(*rmitt(*d a closer ex¬ 
perimental study of the im*thod whereby they arc* utilizc»d as a source* 
of sulfur by' the* fuufjus. wSeveral possibiliti(*s c'xist. Sulfur may be* 
us(*d only' after bydrolytie r(*nioval from the moh*cule as five* sulfonic, 
sulfinic, or sulfeiiic aeid, dependinj^ on eonc*omitant reducticui. The* 
nature* of tin* alkyl ^roup wouhl be of little* inllu(*nee in ibis c*vc*nt. 
If the* barium ie)n is without efre*et. upon sulfur utilizatie)n, it e*an be* 
assume*el tliat its byelrolytie* rc*mo\al doe*s mil e)e*e*ur as the* sidfate iUi). 
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If tho composition of th(‘ alkyl n^siduc docs determine the extent of 
sulfur assimilation, the possibility exists tlmt sulfur js assimilatcnl 
only in coinbirmtion witli a spe^cific carbon group, or that the pnwnce 
of substituents may prevent noiihydrolylie removal of sulfur. 

Examination of table T) discloses tlmt a considerable (liffer(»nc(* in 
composition of the alkyl group IdWHg - as compujvd with 
I had no influence on the efficiency of sulfur 
utiiizalioiK However, the pnvsence of halog('n substituents in so(lium 
iodonu‘thane sidfonat<‘ and sodium 2-bromo(‘thane sulfonate definitely 
])revenle<l the assimilation of sulfur. It is improbable that toxicity 
plays a part in this response*, inasmuch as the former compound is 
clainu'd to lie inert in tlie animal after ingestion ajid suitable for X-ray 
diagnoses. The [xissibility is slight that tin* presence* of 1inle)gen 
pre'veiits the* hyelredytic re»moval e)f sulfur, sine*e in compe)unels such 
as trie'bleiraeTtie* aciel anel trie*hle)rae‘etalele»byeb‘ its e»fr(*ct isto we»ak(‘n 
the carbem-teM'arbem bemel. It sexuns likely, there*fe>re, that e*h'avage 
eif sulfur freuu lb(»se» e'ompejunels by the euganisin is nonliyelrolytic, a 
re*sidNe with a double honel bemig forme*eI. 

Seye'ral re‘asons re*neler pre)bable the interpretatieui that the sulfur 
is split edf in the form of fr(*e sulfe>xylic aciel (IISO^II). The* in(*fre'e*tiv(*- 
ne*ss of the pr('S(‘ne*(» of barium ieuj weuild iiulie*ate that sulfur is ne)t re- 
inove*el hydrolytie*ally eu- otherwise as sulfuric ae*id. Its r(‘m(>val as 
fre'e* sulfurous ae*id (IlSOall) is possible, of e*ourse*, but improbable from 
the chemical peiint e»f vie*w. Lastly, alkyl sullinate* is e*e|uivalent to 
sulfate*-sulfur in assimilability anel may unelerge) this type* of e*le*avage 
with pre)elnctie)n e>f fr(*e» sullinic acid (HSOJl). \Vbethe»r, be)W('ver, 
sulfur is re*elue'('el still furthe»r be‘fore* e*le‘avage» to fre*e‘ sulfenie* acid 
(HSOIl) must await further investigation. As far as the evide*ne*(* 
gea*s, the inelications are* that sulfur is re*move*el fre)m euganic e*om- 
pounds as free* suHinic ae*iel, anel that the* proce*ss is pre)bably e*nzymatie* 
anel elue te> the pre»se*ne*e of *Me*sulfinase.” 

Sine*e the* splitting edf e)f the* sulfonic aciel greujp is ele)ul)tful under 
tbe‘se e'euiejitiems freuu what is kimwn of its chemistry, the* e‘viele*ne*e 
XNeuilel indie*ate that ivaction oe-rurs only afte*r ivduction at le*ast to 
sullinate has e)e'curre*el. This coiiedusion is iele'nlie*al with that arrive*el 
at eui the* basis ed the data e>n assiinilaliem e)f inorganic sulfur anel e)n 
that of M)elium byelroxyme*thane sulfinate. 

KFFECTS OF TKACF-ELKMFNT DB^FICIKNCIES WITH VARIOUS 
SULFirR COMPOUNDS 

Furtbe*r data em the relatiem of ine)rganie* sulfide anel elisulfide* to 
gremth of .UjurgUhis are brought out in table* {], The* yie*ids weuilel 
indie*ate that age of sample and alkalinity of the nulrie*nt se)lutie)n 
faveu* the rapiel transformatieui of sullieb* anel elisullide into forms 
ivaelily assimilable by the fungus. The* aelelilion e)f se)dium elisulliele 
te) the* nutrie*nt sohition invariably cause*s the* feu*matie)n eef a profuse* 
lu'ecipitate*, presumably of lin(*ly diviele*el sulfur. This ])recipitale 
largely disap})e*are'el during the* coui-se of growth erf the fungus. A 
pree'ipitate is also foi*me*d with seulium thiosulfate in ae*iel solutiem anel 
elisappears similarly. 
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Tho ju'idilios (‘nii)loyo(J in lljc acid juilriont solution in table 6 are 
not <*oiLsidered loo high, since Mellor (<S’) stales thul u solution of 0.5 
S'-lIC'l 0*11" 0.:tC±) has been found to dissolve 2.54 tiin«>8 its vol¬ 
ume of liydrogen sulfide. This is inofe than ample lo supply the 
(piaiitity of sulfur re(piired for maximum growth. The data for sodium 
(lisulfidt* in acid .solution have been omitted, since* yields were maxi¬ 
mum owing to eom])h‘l(' aging of disullide. 

The* stunph* of sulfur useel in the prepai'ation of llu* disulfide gave 
appreciable* ijie*i*ease*s in growth whe*n useel as ei sede* se>ui‘e*e* of sidfur. 
It is ])e»ssible*, the*i‘e*fe)re', lhat e‘le*m(*ntal sulfur in a veiy fhie*ly elivide*el 
femn is callable* e>f utilizeiliem by the* fungus in Ihe* i)re*se*nce* of re*elue*e*el 
inorganic sulfur e'emipounels be*cause* it is meu'c re*aelily conve*rl(*el tee 
assimilable* sidfur e*he*inie*allv. Trhds with e*e)ual (|unntilie*s eif ele*- 
me*nlal sidfur auel eif sulfur as sulfiele*, hypeisulfite*, sulfite, eer thiosul¬ 
fate* gave ineTe*ase*s ove*r and abeive* those ailributable lei the* individual 
e*e>nslilue*nts with sulfur aiiel thiosulfale* anel with sulfur and hypee- 
sidfite. 

Ke*sulls with trace e*le*me*nts pi‘e)ve*el eiisa])])e)iuting in \ie*w eif the* 
insolubility eif sulfide's (e*.\ce*pl gallium). The* marke'el ncielificatiem eef 
the* substrate* eiuring the* e*ourse* eif eleve*loj)me*nt was pi’etbably re*s])etnsi- 
ble* for the* ne*gative re*sulls obtaine*el. As pre'viemsly me*ntieme>d, fei- 
Tous sulfiele re'aelily dissolve's uneh'r tbe*se* cemelitiems. Meve*rthe*le*ss, 
cupric sulfiele is insoluble* at mue*h highe*r aedelilie'S than were* be*i'i* 
e'ne*e)unte*re*el. The elala would indie'ate, howe*ve*r. that the* usual trae*e* 
eleme'iits were* re*e|uire*el for grenvth. l)e*ficie*ne*y eef inelivielual trae*e* 
e*le*me*nts was witheieit marke'el elfe'cl eni ae-ielity of the* culture's at bar- 
ve'st, eir em stare'll in the* mycelial fe*lts, i'\e*e*pt in thetse* e*ase's in whie'h 
adelitiem of inangane'se was omitle'ei. 

The* e'ffe'cts eif a true'e*-e*leme*nl ele*ficie*ne*y with \arii)us sulfur e'om- 
])ounels se'i'ving as source's eif sulfur in the nutritiem eif An/mgilhif, 
nigtr are* tabulate'd in table* 7. It is evielent that the* trace* e*le'mi*nts 
ri*e|uire*el with sulfate* sulfur are* alsei ni*e*ele*el feir gi'eiwth with eithe'c 
ineirgaiiic senirce*s of sulfur, no matti'i* in what stage eif re*elue*tiein. A 
similar e*onelitiein was feiiinel tei exist with cystine, taurine*, methiiiuine', 
anel the*lr ele*rivative*s. Nei evidence* was eilitaineel that re*elue*tiein of 
jneirganie* sulfur tei a feirm suitable for e*ein\ ei'siein intei eirganic sulfur 
is sjie'cifically asseie'iateel with the* pre'sence* eif erne of the* e*sse*ntial 
ti*ae*e* e*le*me*nts. It sheiiilel be* re'alize*el, ein the* eithe'i* hiiiiel, that fur¬ 
ther re*line*me*nt elf e'.xpei'imental te*e*hnie|ue may le*ael tei ejuite elillerent 
U'sults in the* feiture*. Kosiilts on sporulatiein, feirmatieiu eif starch, 
anel ae*ielity eif the substrate* at har\e*st w'ere* alsei much the* same* witli 
all source's eif sulfur. 

Interpretation of the* data with pnipyl sulfinu* re*e|uire*s furthe*r 
study’, theiiigl) greiwth •with this e'ompouuel has be*e*n jire'vieiusl.v as- 
smneel to be ejue tei either sulfur impuritie*s. Dimethyl sulfone ctinnot 
supply assimilable* sulfur. Neir were alkyl sulfoxiele‘s axaiiable for 
trial. The* fact that preipyl sulfide* canneit be utilizeel should neit 
bei consiel(*ml as confimiatoi'y e*videncc, smee* e*thyl me'i'cajitan e*an- 
not be assimilated, whereas its oxidation ])roeluct, ethyl sulfonate, 
can be used. 
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effects of NUTRIENT-SOLUTION PURIFICATION WITH VARIOUS 

SULFUR SOURCES 

K(*siilts with tninwh'iiH'nt (Irficionchs nftor iiiitririif-soliition 
purification witli c»lcinin oirbonntc S) cin])li«sizc the results 

obtiiiiuMl witli iinpurified s(»lutions. There* would seem little doubt 
that all tlie ess(*ntial traee* elein(*nts arc* re(piirc‘d irr(»sp(*ctive of the 
source of sulfur. R(*sults with irc»n and zinc deficienci(*s wen* }i:ood 
from tlic' ex|)erimental ])oint of view with (*very siilfur compound 
testi*d. Omission of copper led to tlie j?r('at(*st deen*ase in growth 
with sodium hydroxynmthane'sullinate. Best results on inanj;an(*se 
were obtaini'd with methionine. (\vst(*ie acid j^ave maximum 
d(*cr(*asc*s in yic*ld on omission of molybdenum and of pdlium, but 
the r(*sults \\(*re ])oor. Little \\c*i^])t is placc*d on the data for /?- 
propyl sulfoiu*. lTiterj)retation of th(*se results, h<)uevc*r, must 
jnvait further evidence that tli(\v are not fortuitous. 

lncn'as(*d myc(*lial d('i)ositi<m of stairh o(*curr(*d most fr(*(pic*ntly 
witli a defic’iency in man<?anc*se, sonu'timc's with a deficiency in 
molybdenum, and more ran*ly with a dc*ficiency in cop|)er or iron. 
This phenomenon was usually acc*ompani(*d by spec*ially hi^h increases 
in acidity of the* substrate and a sharp diminution in sporulation. 
In no instaiu'c* did similar responses acrompany the omission of zinc. 
Since yields on omission of zinc v\(*re far h'ss thanon omission of coppc*r, 
nianji:anes(*, or molybdenum, th(*se difierenc(*s may be* only (*oncc*nlra¬ 
tion (‘Heels and not sp(*cific. 

DISCUSSION OF RESULTS 

Tlie growth data on sulfur utilization with compounds^of tin*, 
sullidc'-sulfate seri(*s and tin* mc'reajitan-sulfonate s(*ri(*s would a])i)car 
to justify the* assumjition that ivdiiction is the normal prc'liminary 
proces>in iJie utilization of sulfur compounds. Tliis has bcc*n nssum(*d 
in the* ease* of sulfate assimilation (Jy id), Th(*sc* data would 
indicate, Jlovvc^er, tliat reduction inay be carried too far. Wli(*n 
carri(*d beyond a cc*rtain stap:c* Isulfoxylate or sullinatc*) tlie nutritive* 
\alin* of hiilfiir com])ounds disappe*ars. Kvidently tin* re ve*rse ])roce.ss 
of oxidation of sulfur is ]M*rforme*d liy the funf^iis with prat dillicully, 
if at all. 

A distinction should be made in this eonne*etion as eonct*rns metabo- 
lit(*s since the orj>;anism w'as able* to assimilate all cystine* el(*rivative*s 
re*i^arell(*ss of the* state of oxidation of the* (*e)ntaine*d sulfur. Mc*tabo- 
lite*s, or their d(*rivative*s, would a])pe'ar to follow a de*finite nu*tal)olic 
channe*l whether synthe*size*d by the funjj:us or add(*d to the* solution 
as a nutri(*nt. It is ])oshible that all assiinilate*d sulfur passe*s through 
the* amino acid stage, since* cystine and methionine* afford ('xci*lle*nt 
source*s of sulfur for g(*n(*ral use* in me*tabolism, e*(|ual to that of sulfate- 
sulfur or any othe*i. Jloweve*r, it is not de*(initely known W’h(‘the*r 
cystine and me'thionine are* assimilate*d as a wh(»le when f(*d to the* 
fungus, though this is assunn*d to be the case*. Thiamin chloride was 
l)ractically unavailable as a gc*ne'ral source* of sulfur. The* fungus 
de)e*s not suficr from the* inability of mammalian forms te* convert 
cystine into methionine. 
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If metabolites serving as iiiitrients may Ix' pictured os passing into 
tlie normal ehannels pn'seiit in the organism for their use, tlie (ase 
of nonm(‘taI)oIites falls into a (lilferent caiogpry. Nutrients must 
first b<‘ altered to a form suitable for assimilation (digestion) and so 

brought into normal metabolie ehannels. 

While jiiereaptans are formed by \ a nous organisms, they are probably 
produels of eatabolism (waste produets) and therefore without a 
normal ehaniiel for analiolism. In this ease also, sulfur as alkyl iner- 
eajitan was unassiinilable, wdiereas it lic'came readily assimilable' 
after oxiilation to alkvl sulfonate. Possibly alkyl sultinates (RSOgH) 
or alkyl sultinates (RSOH) will be fouml eipially effective. It appears 
probable, Iherefori', Unit with organie eompoimds also a basic distinc¬ 
tion exists in tlu' abs<'ne(' ol oxygen and its presenei' in eoinbination 
w’ilh sulfur, or in an adjacent group. The partial utilization of sub¬ 
stances like /St, /t-dilivdro\y('thyl sulfide, whereas ethyl sulfide prc'- 
sumably cannot supidy sulfur, illustrates the point, under discussion. 

Tlioiigh sulfur in alkyl sulfones is combined with oxygen, these 
proved to be poor sources of sulfur su])i)ly. Tlie reason for this may 
be the inaliility of the fungus to effect tlieir reduction. It is knowui 
that even nascent hydrogen cannot bring about their reduction. 
Investigation of the assimilability of sulfur in alkyl sulfoxides should 
help to decide whether this is the connect or sole interpretation. 

Other factors of molecular coiiliguration may prevent the utilization 
of organic sulfur. Sulfur attached to the benzene ring was unsuitable 
for use in assimilation iiresjiective of its state of oxidation. However, 
further tests may reveal that the presence of adjacent groups may con¬ 
siderably modify this response. Sulfur in the Ihiazole ring (thiamin 
chloride), or other rings presmuably, will ])robably prove of little value 
as a nutrient, unless special conditions exist that iiermit of its ready 
release in combination with oxygen. The fungus seems unable to avail 
itself of sulfur attachetl to carbon, as in thiourea, though again 
exceptions may exist. The number of sulfur derivatives availalde for 
test was far too small to arrive at final conclusions. There is some in¬ 
dication tliat the presence of adjacent groups (HO tX) , NIIj ) 
may increase the availability of sulfur. 

Nevertheless, the different lines of approach employed in the study 
of sulfur assimilation by At^penjUhiH nUjtr have yielded an identical 
conclusion. Sulfur, it was found, was reduced and transformed to 
sulh)xylic acid when supplied as sulfate or idkyl sulfonate. Hydroxy- 
methane suHinate, a derivative of sulfoxylie acid, was as elfective as 
sulfate in supplying sulfur. Miscellaneous compounds effective as 
sources of sulfur supply seem to require the presence of oxygen in the 
molecule. A further redu<*tion to sulfenate J)efore assimilation 
is a theoretical possibility, though no alkyl sulfenates are knowm. 
Wliether other available sulfur compounds (/!t, i8-<lihydroxyethyl 
sulfide, etc.) also decompose to form sullinate is uiiknowui and imrst 
aw'ait further investigation. It should not be overlooked, however, 
that anabolites need not conform to this behavior. 

Nicolet (//) has suggested the possibility of nietliylene pyruvic 
acid Ix'ing a pn'cursor in the utilization l)y tin' plant of sulfur in the' 

* \ su|)|il.\ olsociiuiii n butftncMilf*nfta*(eU'irU*(Ulj('ni.s02\.i) lM>citnu>.'i\njlabIf>thtou{!h1h(‘k]ii(lnoss 
ol Or. W illiani il yioploi and Oi Kdljih Connor, ol tiu* lohn Jlwson hiboi Cnui>isil\ ol I'l'niisA 1- 
^aTna. riiiltidolphia, I'n , artoi (‘oinpHion ol thisinaniisrripl V irbl \\ ith 2 ‘>iiik. ikt liti>i ol suirm supplied 
ns tbs compound w ns 1,17.12 lui! In the iiieseine ol but nun ion (see Inblo 'ii the > leld 7i»s (l me 
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form of inorj^anic siilfidc^'or disuHido or as niorca])taii, to account for 
tlic fonnation of im^thioninc. Kxp(Tiinciilal results willi Aspergillus 
viger would indicate, however, lliat the forms of sulfur ])Ostulated l)y 
Nicolel ar(‘ unassimilahh* by this /un^?us. OiIkt organisms (hact(*ria) 
may In* capable of assimilating sulfide, disulfich*, and mercaptan and 
may i)ossil)ly follow tin* Nicohd cours(» of assimilation. A clear 
distinction should be made by investigators of this question betwc'cn 
utilization for energy and as units for c'ssential metalndiU's. Experi¬ 
mental proof with aerobic forms would be difficult or impossible 
i)e<'ause of atmospheric oxidation. (\)nditions with anaerobes would 
jirobably lie such as to afford adequate proof. 

Nonassiiuilation of sulfur in sulfide, disullich', and alkyl mercaptan 
by Aspirgillus does not necessarily imply that metbylem* pyruvic 
acid do(‘s not serve with tliis organism as a prc'cursor of methionine. 
Th(‘ available information might rcMidily be interpreti‘d on the basis 
of side reactions that lead to the locking of sulfur in unavailable form. 
Addition of sulfoxylic acid at the double bond of methylene ])yru\ic 
acid is (piite ))robable chemically. Other biological data Avould 
indicate* that forms of sulfur (sulfide, thiourea, etc.) unavailable to 
Aspirgillus nigtr are* readily assimilated by certain of the bacteria. 

SUMMARY 

Alterations in the source of sulfur sup])ly were practically without 
<*IIVct on llie tiace-('l(‘m(*ut requireinejits of Aspirgillus niger Van 
'ri<*gh. Iron, zinc, co])|)er, manganese, molybdenum, and gallium 
w<*re appar(‘ntly reepiired in a])pro\imat(*ly eepial (h*gree, whalev(*r 
tin* state* of (»\ielation of sulfur supp1ie*d as a nutrie‘nt. The* slightly 
better re*sults e)btain(*d thre»ugh omissiem of ce)p|)e‘r with sodium 
hyelre)xyme*lhane sullinate*, ed niangane*se* with me*thionine, and e)f 
me)lyb(ie*mim and gallimn with e*vste*ic ae*iel may pre>ve to have* b(*(‘n 
elue* to chance*. 

A survey of the* assimilability eif ineu*ganic sulfur e*e)mpounds ineli- 
e*ale*el (hat sulfur is re*eluce*d lei sulfe)X\late* ])rior to its conve*rsion tei 
eirganie* sidfur. Sulliele* aiLel elisulfiele w’(*re not assimilated. 

Assimilability eif eirgauie* sulfur varie*d w ith me)le*cuhir configuratiem 
anel was also e*orre»late*el with the pre*se»nce of attache*d or adjae*ent 
eiKvgen in the* me)le*e'ule*. Alkyl me*re*a])tans, sulliele*s, ajul elisulfide*s 
e'eiuld not be* ust'el as a source* of sulfur, whe*re*as alkyl sulfonate* anel 
alkyl sullinate w(*re* ivaelily available*. Ibilizatiou eif sulfur in alkyl 
sulf()uati*s and alkyl sullinate*s was consiele*red to depenel on the»ir 
ele*e*e)jnpe)sitie)n intei fn*e sidfinic aciel anel an unsalurate*d re*sielue*. 

Analieilites, ])articularly eystine* and its ele*rivatives, heiineicystine*, 
anel methieiniiie*, were* re*aelily a\ailable as seile* semiws eif sulfur supply, 
irre»sp(*ctive eif (he stale* eif oxielatiein <if the*ir e*ontaine*el sulfur, anel 
w'e*re* assunie*el to feilleiw' the normal channel feir their metabeilisni. 
("atabolites and mise*e*llan(*eius synthetic organie* sulfur compounds 
we*re assume*el to r(*(|uire a pre)ce»ss eif dige*stiein bi*fem* assimihilion. 

ADDKNDllM 

The* data in talile* 9 we*re* obtained afte*r completion eif the manu¬ 
script of this pa|)er and are* ine*luel(Ml as a elemonstration of tlie assimila- 
bilily of alkyl sultinate by Aspergillus, Tlie* difficulty with W'hich 
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INHERITANCE STUDIES ON DURATION OF DEVELOP¬ 
MENTAL STAGES IN CROSSES WITHIN THE GENUS 
LYCOPERSICON ' 

By LkBoy Poweks, acnun grncticiatf and ('ii\nnix(J B. junior physiologistf 
'!)iviffion of Fruit unti VegctobU Fropn ami Diseanfs, Bureau of Flajit Industryt 
Vnitid Stntis Depnitmmt of Agriculture 

INTRODUCTION 

Tliis study deals with the* iiiheritaneo of duration of three stage's of 
<h»velopineut in eertain crosses involvhij^ varieties of Lycoptrslcon 
(ficithnfum Mill, and L. pinipitulllfollum (Jusl.) Mill. Tliese* three 
j^ta^es are (1 ) jiuiuIxm' of days from scvdiiiji; to llrst bloom, (2) uujuher 
of days from tirsl bloom to first fruit sed, and (I^) iiumlxM* of (lays from 
first, fruit set to first (*omj)l(‘t(‘ (‘haii^t^ of color of any fruit. Tlu* sum 
of tluse thrc'e staj^es obviously ((‘piTstuits tlu^ mimlx'r of days from 
sc'ediu}^ to first ripe fruit and may be r(‘<’:ard(‘d as i1h» nu'asure of an 
(‘arliiu'ss-of-maturity characteu*. 

The purposes of tlie iiive'stij^ation W(Te to d(‘t(*rniin(* whelluM* tlu'se 
s(*A(M‘al jiatural biological pi'riods in the de\(‘lopment of tin* tomato 
))lant ar(‘ d(*finit(' suixdiaracters; to obtain information concerning 
ii(U(Mosis and dominances and to ascMTtain the* edicie'ncy of the fit. 
bedweMUi obtaine^d and th(M)r(die‘al ineMUis, baseMl on evrtain formulas 
(^, J'l, as a me*thod of de‘l(*rminint!: whether the* effeM'ts of the ^e»n('s 
diHere*ntiatinj^ the' (|iiantitative ('harae*t(*rs are* arithmedieadly or 
jXe'ouK'tricalb cumutati\e. The* inve'stipdioii was carrie*d out at the 
(^lie*yenn(' Ilorticultural Fie*ld Station, (Mu\V(*nne. \Vyo. 

Tilroufihout the study eind the inte*rpretation of the* data, the authors 
have* atlem|)te‘el to kee*]) in mind tlie probability that the ^ene»s briiif^ 
about the* eliire*r(*nlialion of a character by initiatiiui: (eithe*!* directly 
or ineliivctly) ele*velopm(*ntal pr«»ce*sse*s which, no doubt, in many case*s 
interact amonj>; lhe*mselve*s {1(1, fA,21),32y /J, /J). 

EXPERIMENTAL CONSIDERATIONS 

The* de*sij;n of an e*\penme*nt has conside*rable* be*arin*r U|)on the 
int(*rpretation of the* data. Seich be*in^ the* case*, the* purpose or 
purpose's of an e'X])(*rime*nt play a considerable pari in dete*rminin^ the 
e'Xperimental ele'si”;!!. The* elosipi for the* f)re*senl study was base*d on 
ji:e*ne*tic and statistical coiiside*rations. The fre'ne*tic aspe'cts will be 
conside*re*d lirsf. 

From the* imme*diate*ly fore'^oinji: state*ine'nts, it is appare'iit that the* 
e'xperime'iital eh'si^n should allow for te*stinj>: whe*the'r the stajjes 
Ummbe*r of days from planting to first bloom,‘numbe'r of days.from 
first bloom to first fruit se*t, and numbe*r of days from fiist fruit s(‘t to 

* Hecpivod for piihlioatuni Dwvnihcr a7, HMO 

■* Italic nunihcrs in parent hoses refer tn Liloratiire ('itod. p. 140. 
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first i*oiuplct(‘ of color of any fruit) arc dcliiiiti' subcharacters, 

i, c., bioloj^ically southI subdivisions, of number of days from plantinjj; 
to tirst complete clian{r<* of color of any fruit. To test the lop(| of such 
a division it is n(‘C(»ssary to have i)arents that diff<‘r phenotypicaljy as 
r(‘}^ards tin's!* stajres. Lycopermcon pimpinrllifolium, variety Red 
('urrant, and X. ettculoifum, varieties Johannisf(*ucr, Danmark, and 
Bonny Best, w<*re believed to have this diversity and for that reason 
W(*re used in the study. 

Next, the <*xperiment should provide for measuring heterosis and 
dominance. Since* ln*lerosis and dominance may be determiin*d by 
(‘oinparin^ the expression of a character in the Fi willi the <»xpression 
of th(* same chara<*ter in (*ach of the par(*nls, at least both parents and 
tin* Fi should lie included in the study. 

Also, the d(*sijru should allow for determining the (*(ficien<*y of the 
method involvinjij tin* fit. b(*tween obtaiin*d and theoretical means for 
testinj' wheth(*r tin* effects of the f^ceiies are arithmetically or jjeo- 
nn*trically cumulative*. Ijinelstrom (21), Peiwers (29), and Lyon (23) 
have pe)inte*ei euit tin* ne*ce*ssity, in sue*h sluelie's, e)f taking demiLnaiie'e 
inte> e'onside'ratiem. Tht'refore, in e)rde'r te) eibtain tin* me)st infeirmation 
possible freun any ])articular creiss this me'theiel re'ciuire's that beitli 

K arerits, the Fi anel F^ ^ijeneratieuis, anel the* pre>ji:enie*s obtaineel freun 
ae‘ke*rossinjr the Ft to e*ae*h parent be ine*lude*el. 

One either ^e*netic e'onsiele'ratieui in the ele'sipi of the* e*xi)(*riin('nt 
should be me*ntie)neel. Sine*e the facilitie*s eif most inve*stipite)rs are* 
Iimite*d, euie usually has the e*ln)ie*e*, in fie*lel inve'stijratiems, betwc*en a 
larjre*!’ sample eif plant material, as re'])re*senle*el by nuinbe*r of crosse*s 
sluelie*el, anel a larj>:e*r sample e>f e*nvironme*ntal e'eunlil ions, as re*pre*- 
se'nte'el by ye'ars. Tei eibtain as larjre‘ a sample* eif plant mat(*rial as 
possilile it would lie ne*e*(*ssary to ji;rem elilfere'nl e*re>sse*s e*vt*rv ye*ar; 
whe»re*as to obtain as larjje* a sample of years as possible, it wem’ld ]>e 
in*ce*ssary to p-eiw" tin* same eTosse's e*ve*iy ye*ar. Jn this stiiely tin* 
autheu-s we're more inte*re'ste*d in obtaining as larjre a sample eif plant 
material as peissible* but eliel neit want tei ne*{>:le*ct e‘ntire*ly envireui- 
nu'utal e'ffe'cts as re*pre*se nte»d by ye*ars. (\)nse'e|ue*ntly,'the e*ross 
Jeihannisfeiier X Re*el (^irranl was jireiwn hi iv:i7 anel Mi.'fO. tin* e*ross 
de)hannisfeue»r X Danmark was p-own in anel 10;i9, the* eross 
Danmark X Re*el ('urrani was jj:re)\\n in I9;1S, anel the* creiss Jeiliannis- 
feu(*r X Beuinv B(*st ^^as {j:reAvn in 191^9. Furthe'innue*, this elesijj^i 
preivieled that Johannisfeue*r, H(»el Ourrant, anel Danmark be* creissenl 
in all e'eunbinatieuis anel that Je)hannisfe*uer be* eTe)sse*el with all varietie's 
use»el in the stuely. "Hie* sam])le eif plant mater ial was suffie-ient to allem 
the* elrawin^ eif ele*linile e'emedusieuis, and the sam])le* eif years was sulli- 
cient te) furnish infeirmatieui eui the inte'ractieui betw’t'e'ii e*nvire)nnu*nt 
anel the* tre*ne*s eliflerentiatinj^ the eluration eif stage's eif ele*ve*lopme*nt. 

The* e*xpe*rime*ntal (fe*si^n as re'jrarels the* j?re*enhe)use* anel fie*lel le*cli- 
nie|Ue was ve*ry similar te) that re'porte*el by Powers (2S, 29). (^uise'- 
que*ntly, einly sue*h details as are* e*sse*ntial tei an inte'rpre*latie)n eif the 
elata will be p:ive*n here. The ])arenls and jre*ne*rations we're* jjreiw^i in 
a randomize*el-ble)e*k e*xperime*nt, the*ro be'injr a total eif 9 bleie-ks in 1937 
(with the e'xe*eptie)ne)f the F,fj:(»ne*ratieui, wdiie*h w illbe nu'utieuie'el late'r) 
anel a total eif 20 ble>cks in 193S anel a^ain in 1939. One of the* replica- 
tieuis e)f the* Bonny Be'st paivnt w^as lost, in 1939. Yate's^ melhoel (40 
was use'el in calculatinj? the missing plot. The* mate'rial w^as raneleun- 
ize'el within bloe*ks by the use of Tippedts table's anel the* raneleun- 
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Mijr 1. Mill liihvritanc( StuJifK of Thru Siagt'ft of fh( Tomato 

iziitioii was the saiiM' for tlu» j^rcMMilionsi* and Iho field. TJu* se(‘d was 
sown on April 12 in 1937, on Ajiril 20, 21, and 20 in 193S, and on April 
17 in 1939. The plants were spoiled out in Hals on April 20 and 27 
in 1937, on May 5, 0, and 9 in 193S, and on May 1 and 2 in 1939. The 
inatiTial was transplanted into the tield on May 20 and 27 in 1937, on 
dune I in 1938, and on May 31 and June 2 in 1939. All operations 
were performed on the basis of bloeks. Kandoinization within bkx'ks 
j)rev(‘nled the daiif^er of eonfoundin^ any diffcTenec's dm* to operations 
with diirerc»nees due to eross«*s, jiareiits, or jjjeiUTalions. 

Tlie plots were* 24 ])lants lonj? in 1937 and 1938, and 12 ])]ants loiif? 
in 1939. In 1937 the plants were spared 3^2 feet apart withhi the plot 
and the plots W(*re 3^2 f(*et apart. This providecl a spaeinji: of d'o by 
3)-. feet for ])lants. In both 1938 and 1939 the s])aeinp was 4 by 4 fe(*t. 
The j?r(*ater spaeinp: of 1938 and 1939 materially faeilitated the takinji: 
of Jiotes, as all notes W(*re taken on tlie basis of individual ])lants. 

The se(*ds \\(»re sown late in an (‘Ifoii to avoid any blooming of plants 
before trans])lantin^ into the ii(*ld. In 1937 only two plants hud 
bloomed before Iransjdantin^, in 1938 none, and in 1939 fivi*. Tlie 
juaterial was ^rown under irrigation; and suilieit*!!! wat(*r was sup])li(*d 
durinj!; tin* sprinir, sunum*!*, and (*arlv fall to keep the* ])Iants in a 
vijrorous jrrowinj*: eondition. 

In 1937, the* Fj j>:(*neration was jj:rown with the parents in a separate 
randomized-bloek planting because of tie* smaller mimbc*r of Fj plants 
available. All comparisons involving this genc'iation are juadt* 
through tin* parents in the two s(*ts of randomized blocks. This 
a(*couiits for the largi* standard errors of the* Fj and of tlx* theoretical 
m(*ans for 1937. 

Om* of lh(* environmental inlhieiK'es should lx* inenlion(*d. Severe 
hailstorms on July lo, 1937, and onJidy 13, 1938, causcul (|uite uniform 
damage over tlx* plantings in both years. To ov(*rcome possibh* difr**!- 
eix*«*s dm* to hail injury, all plants wen* uniforjiily prun(*d after tlx* 
hail, all remaining fruits, lloWf*rs, and flower buds being removed. In 
1937 first-bhxun data wen* obtained both before and after hail damage. 
Although, in 1937, 12 p(*rcent of the plants had m>l bl(X)m(*d b(*fon* the 
hail, tlx* authors b(*lie\(* that th(*se data taken lx*fore hail have valm*. 
Tlx*n*fore, 2 days W(*re added to tlx* fx*riod from planting the se(*d to 
the date of tlx* hailstoini. and this \alue w^as n*corded as the nnmb(*r 
of days from the jdanting of the seed to first bloom for those* plants 
that had not bhx)nx*d. Tliis will bi* menliom‘d again in the int(*rpn*la- 
tion of the* n*sults. 

A ch*ar uixlerstanding of the stage's inve)lve*el in tlx* earline*ss-of- 
niaturity characte*r, as me*asun*d by number of elays freun se*e*ding 
te) first e*omplete change eif cole)!* e>f any fruit, is essential te) a pro|)e»r 
inlerpretatie)!! e)f the re*sults. As jji-eviously stated, this charae*le»r 
was divideil into the* feJlowing stage's: Numbe*r eif elaVs from see*eling 
to first bloeun, numbe*r of days from first blexim tei first fruit se*t, anel 
numlx'r of days from first fruit, set te) first e*e)m])lete* e*hange e)f e'eileu* 
e)f any fruit. 

The inelivielual plants we*re e*asily classifieel on the basis e)f the'se 
stages of devele>pment. In classifying ])lanls fe)r the* fii*sl stage of 
ele*v(*le)pment, the plants W'en* iworelexl as having bloomed ontlx'elav 
that the petals opened e)ut. For the se*conel stage of dev('le)pineni, 
the fruit was consielereel as having set whe*n the* ovaiy sliowed definite 
e*nlargement. The* plants W'ere examiiu'd regularly thereafter until 
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the fruits wore definitely establisIuMl on (he plants, to dotenmine if 
sloughing occurred, itnder the conditions of this expcudment, 
sloughing of fruits rarely if ever occurred. This second stage com¬ 
prised the period uffer flowering necessary for definite eiilargeincmt 
of the ovarv and the period during W'hich flowTre might have b(‘en 
sloughed. Tlie period from tlie time of blooming of any one flower 
until its ovaiy bus definilely enlai^ed is longer for some varieties than 
for oth<‘i’s. Also, in some years, alTof the blossoms do not se( fruit, but 
instead an abscission layer is formed and tin* blossoms dro]). Jlence, 
the stage from fii*st bloom to fii*st fruit set is ])rolonged. In estab¬ 
lishing tlie third stage of dev(‘lopment, the first coni])lete change of 
color was recorded as fhat fime when the gr(‘(»n in the fruit had 
djsappeare<l. On any sfiecified fruit this date could be determined 
within a day. 

The method employed in reducing the dala vas essenlially the same 
us that us(»d by Powers (.^.9), with the exception of some minor changes 
desirable b(»cause of the nature of the experiment. Only these 
changes m‘ed be mentioned here. Since the primaiy inten‘st lay in 
comparisons between averages of parents or generalions, the plot 
instead of the plant was used as the unit for r(‘ducing the data. Then, 
for (*ach parent and generation the stamlard (arors were estimated for 
\vitiiin crosses from the averages of plots, which w'<‘re d(M-iM*d from 
single-phint data. In till tables the siaudar<l (‘rrors (»f tin* means are 
givcMi, IliffcTences having P values h‘ss than O.Or) w’er(‘ considered 
as statistically significant. The symbol which a]>p(‘ars both in 
the tables and in the text, signifies that the progeny studied result(»d 
from bttck<‘rossing the Fj to the designated parent.‘ 

In cither brcvdiiig or genetic studies tlu^ probh'ins invohed are 
geiUM-a ly simplified if the charactcTS under iinesligation can be 
properly partitioned into their com|)onents. Tliis is readily appre¬ 
ciated wdien one stops to consider that th(‘ number of genes difrer- 
entiating any particular c<»mponent of a character must b(‘ less than 
the number ditrerentiating the c'haracter itself. Hence, lioth the 
breeding and genetic facts are made more intelligible by iiartitnming 
Uie character into its components. The earliness charact(‘r, measured 
by the number of days from set^ding to fii-st complete change* e)f color 
with winch these studie's are conce*rne*d, se*e‘ms to be* e‘e)inposed of the 
three stage's e>f eleveiopment already s])e*cilieel; nanieiv, numbe*r of 
days from s(H‘iiing te) first blemm, numbe*r eif ehivs from first bloeim 
to first fruit set, aiiel number of days fiom first friiil set te) first com- 
ph‘te* change of color. 

Boforo piwmliiip fuHlicr, it is <li«siiobl.' <o <‘Mimin,. (1„. <|„t„ f„r 
the purpose of deterniinui}: whellier these of (leveloj)ineiil are 

subehnnielei-s of luiinber of days from seeding to lii-st, eoinplele chansre 
of color. If lliey are sul)cliarac(ei-s, > ariatioii as to the duration of the 
different stages of dev<>lojmient may lie expected among tlie parents 
and genenitions. Likewisi', ({iiremit combinations of the duration 
of the different stages of di-vi-loimient may b<' expected to oeeiir 
among the variants (])arents and generations). For exampli' all the 
stages of development may be of short duration in one variaiit all of 
long duration in another variant, and the first two mav be of short 
duration and the last of long duration in a third variant.' Obviouslv 
other combinations are possible but need not bi* given, as those aireadv 
presented are suflicient to illustrate the point. 
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EXPKRIMENTAL RESULTS 

SUBDIVISIONS OF KAltIJNKSS CIIARACTEU 
.JoJI\NNISl’KtER X ReI) CrUUANT AND I)\\M\KK X Joi! \NNISFEVER 

For tlic cross Joliainiisfciior X Kctl (^iiTtint llic 'lata that have a 
IxMiriiiKupon the problem as towhether the three stages of d(‘veh)piiient 
form siil)cliaractci*s of iniinber of clays from seeding to first complete 
cliangc* of color of any fruit are given in table 1. An examination of 
th(‘se data reveals that tlu^ period from seeding to first bloom is of 
siiort (Inration for Red (Durant and the F, g(‘neration and of long 
duration for Johannisfeuc*!*. For number of days from first bloom to 
lii*sl fruit set, tin* diin^nmct^s betwiM^n unmans an» not givat. Ilowt'ver, 
for IDS!) th(‘ Fi generation, in comparison with the parent varieties, 
has a chdinitely shorter period from first bloom to fii-st fruit set. Th(»se 
saiiK* comparisons for 1!)37 are not conclusive b(*cause of the large 
standard error for the m(‘an of the Fi geiKTation. Tin* period from 
first fruit sol to first eomi)l(de change of color of any fruii is short for 
the Fi generaiion and for dohannisfeu(‘r. It is short for Ked Currant 
also in 1037 but somewhat longer in 1939. Th(‘ fad that the means 
of the Fi generation are tin* smallest for the character number of days 
from s(‘e(ling to (irst eom|)l(‘te change of color of any fruit indicatc^s 
that all lhre(‘ of the stages of development for the Vi getierntion are 
of short duration. 

For th(‘ cross Danmark X Johannishana*. the* nnains, expressed iji 
number (»f days (table Ih show that tin* pcaiod from S(*eding to lirst 
bloom is comparatively short for Danmark and comparativ(‘ly long 
for Johannisfema’. Th(» imams of the gianaations for this stage of 
devt'lopimait fall in belwciai th*‘ imams of tle‘ two parents, grading 
from om»])ar(ail to the other, d(‘pending on the clostaiess of the geni‘tic 
relationship. For the second stag(‘ of dev(*Iopnient, the Fj generation 
has the sniall(‘st mean in eaeh ycair and the means of the other gema*a- 
tions approach the means of one or the otlaa* parent as the generation 
being considered apjiroaclu's a jiarticular parcait in genetic relation¬ 
ship. There are no statistically signilicant dinViviKa's betwecai 
the means of the jiarents as regards number of days from lirst bloom 
to (irst fruit set. Danmark has a long pcM’iod from lirst fruit set to 
(irst com])l(‘te change of color of any fruit, whereas this same period 
for rlohannisfeiier is short. The means of the did’erent g(»m*ra1ions 
fall between tin* means of the (wo parents, Ixw'oming largcT as the 
generations a|)proach the Danmark parent in gen(‘tic relationship. 
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Tli(* inc'ims, (‘Xi)r(‘s.sc»(l in miJiilxT of days, for dilFc'ivnt stajjrs of 
dt*v(‘lo|)int*nt for tlu‘ crossc's Danmark X R(‘d (Durant and Joliannis- 
friHM* X Bonny Brsl aro listed in table 2. As regards the Danmark X 
R(»d ("urrant eross, tlie Fi ^Mieration luis the shortest period for all 
three staj;es of development. Red (Mirrant (taides 1 ami 2) lias a 
comparatively short jieriod for all thn*e stages'of development, 
w]ier«‘as Danmark (tables 1 and 2) has a comparatively short period 
from seedinji: to first bloom and a comparatively lonjr ])eriod from first 
fruit set to first (‘omphde change of color of any fruit. From table 2 
it can be S(*en that Bonny Best lias a com])aralively lonjr |)(»riofl for all 
thr(‘e stages of di'velojumuil, whereas dohannisfeiier has a lon^ period 
from seedin**: to first bloom. The Fj of dohannisfeiier X Bonny Best 
has a short |)eriod from seislinji; to first bloom and from first bloom to 
first fruit set. The perKxl from first fruit set to first com])lete chanj^e 
of color of any fruit for the Fj is only 2.1) days loufror than tiu* saims 
period for Johannisfeuer. 

Tvmik 2 MutuSf fXftKssnl in nninhti of f/ri//.s, lot thffmnt shujus ol tinuloptnf nt 
lot lln (lossis Dnninaik hUii (^ininni in anti JohannisU nit * Honnif 

lit St in I!UO 

l)\\\l VKk » ai I) ('I HkW I M'MS 



I'enod liom 

I'lMioa troiii 

IN noil lioiii 
fnsi liiot sot 
to III t I om 
pll ll ( ll illMl 
'itrolorol iil\ 
iMOt 

1*0110(1 fi on 
soodiiiK to fust 

1 ii( nt (11 

t'l III I It Kill mini to lirst 

first Noom to 

(oinMl(>t( 


lilnoiii 


fust liiiii It 

(h ni..i ol loloi 
ol ni\ liint 


Iinv^ 


hulls 

hulls 


till I s 

kt*! ( «in iTit 

‘IS (i J (1 

r.-» 

t I (1 

'll 0 t 0 

'(•1 

ri(i ‘MO S22 

ii< Id ki(I e 111! lilt 

‘17 'll 

110 

ill 0 III 

.2 

(Id 

I2S 

1') 1 (M 172 

1 1 L'( III 1 It Kill 

‘»7 H 

»Js 

t ^ i (Hit 

'■.I 

I i 

(•0<) 

r.l s t- 710 

1 (III 111 II III 

os ", 1 

ins 

' 2-1 D'lT 

'MM 

112 

r.(> < 1 ISO 

ki III 1 ) IIIIII IL'\ 

•IS l 

ite 

- 1 i o•,^ 


1 < 

2.7 

i)'i7i ir. 

1 1 IIIIM Ilk 

tIN) Di- 

MiJ 

"•(•I 101 

l>l 

•d 

tr. 

Ki'l Si Ml 


liill \N \|sl M I u 

llO\ \V III S 1 

•M'l 




loll mill li 111 I 

Sf, 1 0 

Till 

1 '• I 0 11.0 

1’i 

2 1.0 


1 «. 1 -I 0 SIS 

III to loll inmsli IK 1 

si . » 

<•11 

1 7 \ Kill 

til 

S-l 

Is'i 

Il<» li 7(. 

) 1 Ml iicr I'loii 

s.^ 0 + 

77<i 

1 M M> 

17 

S 1 

»7‘l 

Ill ‘M 711. 

1' LI Mil I Kill 

■ t 

711 

I 170 

t'l 

I 

‘I'lS 

117 M S'.l 

III to hoim\ I)(st 

M 7 • 

sill 

1 .1 r'l 

'•0 

1 1- 

(•'•‘I 

1 '•! 2 ^ 1 OOif 

lloiiii\ Mist 

sti 

'7<i 

.1 2 t 222 

*'» 

’> 1 

7^1 

IK s 1 OOS 


Si mm\h^ 1*011 ViiL (’iiossK.s 


It is desirable at this tiim* to summarize the v\ idence as to whether 
the* desipiated stage's of d(‘\elopimuit are subcharacters of numlxM* of 
da^s from seedinj*: to first complete chanj»e of color of any fruit. From 
till' fact that the maximum diirerence bi»tween thi' means of an\ ol th(‘ 
comparable* Aariants was onlv 1.1 elays for number of days from first 
bloom to first fruit set and from the fact that the* larirest nu-an lor 
any variant W’as only Ti.T days, it may be conclud(*d that this sta}j:e of 
de\elopment is of comparatively short duration for all the* variants. 
However, statistically si^nificani dilVerences were shown to occur. All 
thr(*e stap;(*s of d(*\elopment were found to be ol short duration for the 
Fj p;eneration of the cross DanmarkXRed (hirrant. Red (hirrant was 
fouml to have* short perioels from s<*e*dinjj: to first bleieun and Ironi first 
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fniit sot to comploto ohatigo of color, whereas Bonny Best was fomul 
to have loiif? periods for th (*80 sained two stages of d(‘veiopin(»iit and in 
addition to have* the longest period from lii*st bloom to firnt fruit set 
of any variety or generation with which it is comparable. In Johannis- 
f<»uer a long period frojn see<Ung to first bloom is combined with a 
short period from first fruit s<'t to first complete chang<‘ of color of 
any fruit; whereas in Danmark a short period from seeding to first 
bloom is combin(‘d with a long period from first fruit s<'t to first com¬ 
plete change of color. It is apparent that variations occur in the dura¬ 
tion of th(»se three stages of development. Also, the findings for 
Johannisfeuer and Danmark ]irove that these variations may occur in 
<liffer(‘nt combinations. Hence, one may conclude that number of 
days from 8(»eding to first complete* change* of e*e)le>r ed any fruit is 
cemiposeel e)f the thre*(* substage's indie‘aled anel that therefeu-e* the* 
divisions made* are biologically sound. 

It might be* Avell te) point e)Ut that the aiillH)rs ele) not e'emle'uel that 
the (*haracte*r stuelie*el might not be partitioju*d further te) aelvantage. 
For e'xainple, it might be ae)vaTitage*ous le) diviele* the* stage* number e)f 
elays fre)rn S(*e*eling te) first ble)e)m into mimhe*r e)f elays re'f|uire*el lor 
ge*rininatie)n anel nunibe*!* e)f elays fre)m ge*rminatie)n te) first ble)e)m. 
This was not ele)ne* be*e*ause* of the eliflieuiltie's inve)l\e*el in e)l)taining 
inelividual plant elata e)n ge*rminatie)n. 

pSFFECT OF ENVmONMENT^ONiSTAejES OF.DEVELOrMENT 

Having fe)unel that the stages of eleve»h)pine*nt as ele'signatcel are* bie)- 
logically sounel, it is di'sirable* te) e*xamine* the* elata fe)r the i)urj)e)se' e)f 
determining the inllue*neo that the e*nvire)nme*nt has upon an inte*rj)re- 
tation of the* data. lnformatie)n conce'rning the* infhu*ne*e e)f envire)n- 
ine*nt may be obtainc'd by e*e)mj>aring the numbe*r e)f days fre)m se*e*eling 
to firsi ble)e)m befe)re and afte*r the hailste)rm in and by e'omparing 
the diire*re*nce*s be*twe*e*n yeai-s for the e*re)sse*s rle)hannisfe*ue*r,\Red 
Currajit anel I)anniarkXJohaiinisfe*ue*r. 

\Mie»n interi)reting the elata fe)r nu*an number eif ela\s fre)iii se*e*eling 
to first l)ioe)m be'fem* and afte*r hail fe)r e*ae*h pare*nl anel ge»ne»ralie)n 
(table 3), it she)uld be ke*pt in mind that 12 pe*re*e*nt e)f the* i)lanls hael 
not bIe)e)ineHl be*fore* the hailste)rin e)e*eurre*el anel that, in cale*ulating the* 
me*ans and stnnelard erre)rs, all e)f the»se plants we*re e*onsiele*re*el as hav¬ 
ing bloe)me*el e)n ',\liat we)ulel have be*e»n the* ne*xl elate fe)r taking ble)e)m 
data. B]e>om elata we*re* lake*n tlire*e* tiine*s a we*e*k. It is appare*nt that 
the* limans e)f all the* parents anel generations A\e)ulel not be aire*cte*el to 
the same* e]e*gre»e* by such a ])re)ce*elure* but that the me*ans e)f the* late*r 
maturing paivnt anel ge*ne*rations woulel be se)me*\\hat smaller than 
the*y should be in e*oiu])arison with the me*ans of the* e*arlie*r maturing 
pare*nt anel ge*neratie)ns. To take a sj)e*e*ific e*xaniple*, the* eli(re*re*ne*e* 
before hail of C.9 days be»twe*e»ii the* mean e)f Johamiisfeue*r anel the 
mean of Ke»el C^irrant is in all probability some*what le*ss than it A\e)ulel 
have* be*(*n if hail had ne)t e)e*curre*el. "With the*se* fae*ts in minel, tl)e data 
listed in table* 8 maj’^ be* interpre»te»el meire leigically. It e*an be* see*n 
that the rank as to magnitude bc*fe)re hail and after hail is the same 
for the* ])arents anel ge*nerations with one exee*ptie)n; that is, in the 
comparison e)f the mean eif Bed Currant with the* mean of the Bi to 
Re‘el Currant. Since m no insUince are the ditFe*re'nce*s be*twe*e*n the 
me*ans of the Re*d CuiTant parent and the* means of the* i)re)geny 
obtained by’backcrossing the Fi geiu*ration te) Re*el C\irrant statist!- 
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(•ally significant, tlu' exception noted cannot be attributed logically to 
an interaction between parents or generations and the environment 
but can b<‘ accounted for by chance fluctuation. The diffenuice 
between the mean of Il('d CiUTant and the mean of dohannisfeuer 
before hail (t>.9) is too much greater than the difference' belwee'U meaiu. 
of the same varietic's after hail (4.S) to be accoimted for by the prol)- 
abl(' errors of random sampling. The same conclusion holds for other 
simihu- comparisons involving generations or g(»neraiions and parents. 
Tlu'U the only appanmt efl'ect of hail damage has been to (h'crease tlie 
magnitude of the diffenuices between parents, of difference's between 
ge'iK'rations, and of diffeivncc's betw'een parc'iits and gc'iierations. 
Such being the case, the interpretation of the data as to the biological 
justification of the division number of days from seeding to first bhxan 
has not b('('n atrecte'd by environmental comlitions resulting from hail 
damage'. 
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In n'gard lo the ('Ifecl of eininmment, as represc'iited by years, 
upon an inti'rpretation of the data, the means for the cross Johannis- 
h'uer X lied rurrant for the years 1987 and 1989 (table' 1) show that 
the' rank of the* stage number of ela>s from se'cding to first bloom is 
the* same (within the limits of samplhig e'rror) for both yeai*s. ('e»nse»- 
(pieiitlv, Ihe same inte*rprelation as to the biological soundiie'ss e»f this 
stage* as a di\isioiL e)f the* e’haracte'i* number of days from se'e'ding lo 
firsi comph'te change' of cedor in any fruit would have* bc'cn place'ei 
upon Ihe data if the expe'riment hael b(*en conducte'd for only 1 of 
the 2 yejii*s. 

As lo the second stage, in 1987 the mean feir the Ri'd Currant 
varie'ty was significantly smaller than the* mean for Jediannisfe'Uer, 
whe*r('as in 1989 the* rexerse w'as true. The data peitaining lo the 
seceniel stage show' that in 198S Ihe me»an fe>r dedninnisfeue'r was 
0.098 (lal)le 1) and for Ke'd (hirrant r>.4i0.]28 days (table 2). 
Tli(‘S(' nie*ans are not significantly diflen'iit if odds as gr(*al as 19 : 1 
against the* diffe'rence noted being due to the* probalde errors of 
random sampling are accepte'd as a crit(*rion eif significance.. The 
data elo not agre'c for any of the* 8 veai-s. It w'ould se'cm that ('iiviron- 
mental conditions as r(*pre*sente»d by years interact with pare'uts and 
gene'rations in such a manner that the ranking of the* mi*ans of the.* 
parents is not the same for the different yeai-s. TJie en\ironnu'nt 
must be laken into account in studying this stage eif development. 
lIowTve'r, the cemclusions as to the soundness of conside'iing this stage 
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of <lpv«*lo|)nioiit u subdivision of (lu* fhaniclor under iiiv(*8tigalion is 
sliowii bv Ihe data for both 1937 aiul 1939. 

Finally, in i-epird lo the lliird stage of development for the ei-()8S 
J()liMiinjs/<‘ii(TX(tiiblo J) a disciissioTi of tho 

(hit« is iiol /i(»(TSsary, as it is apparent that in ^cMieral the eoneJiisions 
are tin* same* as lhos(» drawn for the sfajre number of days from fimt 
i)loom to first fruit set. 

The data for the eross DanmarkXdoliaiinisfeuer in I9.‘hS-,St) (table 
I) sliow that for all three sta}r<»s the rank of the means as to magnitude 
is the saiiK* for both y(*ai*s, with the possible ('xeeption of comparisons 
involving the Bi to Johannisfeuer, the F 2 generation, and the Bj to 
Danmark. These possilde (‘xeeptions are for numlx*!* of days from 
first bloom to first fruit set. Even these e‘xeeptions cannot be» at¬ 
tributed lo intera«*tions between the environnuMit and generations, as 
tlie difr<‘renees between generations can b<‘ accountc'd for by the 
probable* errors «)f random sampling p. inbh 10). In tlu'se 
cas(‘s, also, the interpretation placed upon the data as te) the biological 
soundness of the* stages of development as subdivisions of the character 
number of days from sesvling to fii-sl complete* e'hange* e)f e*e>le)r of any 
fruit is the same for l)oth HKhS and 1939. 

In summarizing the data feu* both cre)ss(\s, it e*an be* saiel tliat the 
e*nvironme*ntal e*onditie»ns as re*pre*se*nte»el by ye*ars do ne)t alter the* 
intenpredatieui jdae^enl upem the* elata as te) whe*ther the* ele*signate*el 
stages e)f ele»\e*lopme»nt are justi(ie*d biole)gically. This ete)t*s not me‘an 
that euiviremmental e*e)nditie)ns do not have* an inlluence* upe>n the* 
duratiem e»f the* di(r(*r(*nt stages ed ele\e*le>pme»nt. On the ce)idrary, 
the elata in table* 1 le*ad one to conedueh* that e*nvire)nmenl Inis a 
de»ciel(»el e‘ffe»ct on ail stage*s e)f de»ve*lopme*nt. 

HETEUOSIS AND De)MlNANe*E 

Accepting Jone*s’ we*ll-knemii tlmeiry ilO) e)f heterosis as be*ing the* 
me)st satisfactory for e»xplaining the kneiwn fae*ts re*gareling this 
pheneuneMion, it se*ems leigical te) discuss he*te*re)sis and dominane*e* 
under the same he*aeling. This doe*s not me*an that the authors e*on- 
side*r that, fre)ni the* stand])oint of i)hysie)le)gie*al gene*lics, he*le*?e)sis 
aiiel elominane*e* are* fundaiiKMitally elilfe'reiit. Jn fae t Je)ne»s' hype)the*- 
sis (Jh*) fe)r the e*xp]anation eif he»lerosis assume»s at h*ast the e'xistence 
of ])artial eleiminane'c* e)f the factors aire*e*ting the* e*harae*le*r uneh'r 
ce)nside*ration. in tliis stuely the* te*rm ‘4ie*le*re)sis” is a])|)lie*el te) lhe)se 
case's in wJiie’h the me'an pe'rieiei of ele»ve*h)pme'nl e)f the Fi is le*ss than 
the me*an e)f e»ither pare'iit. In e)the*r weirels, the ability te) e*ompIe*te* 
tile elifferent stage's of ele've'lopment in a shorte'l* perieiel of lime is 
taken to be* an e'Xju'i'ssieui e)f lie'terosis. The autbeirs weuild like te) 
point enit that the*y elo not me*an to imply tlial a elilfere'nt criterieui e)f 
hete'rosis would not be eh'sirable for othe*r stuelie's. 

(kunpk'te elominane'e' is attribiite'd in tlieise* instance's in >\hicli tlie 
])he'notype e)f the* Fj is that e)f euie or the othe'r parent. At the* e)the'r 
e'xtre'ine, when the* phe'notype of the F| generatieui is the arithmetic 
me*an of tin* phe'ne)type*s of llu* twe) pare'iits, <h)minane*e is e*onsiele're'el to 
be neuH'xiste'nt. Finally, whe'ii the me»an e)f the Fi ge'ne'ration falls 
be'twee'ii the* me*ans e)f tin* twe) pare'iits but not exactly mielway (arith- 
me'tically), the* paiviital ])hene)type meist e*lose*ly re'se'mble*d is e*oii- 
sidered to be partially elominanl. Ile*nce*, like Sle*nele'l Naiielin 
anel otlie'r e'arlier workers, the authors have cemsieh'ivel dominance 
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to b(* a plioijonu'non of thr jJiPiiolypc*. Also, sinco llie moans of those 
jys exhibiting heterosis fit neither the arithnu^tie nor the geoinefri<* 
mean ealenhited from tlie means of the two panMits, it seemsdesirablt* 
at tliis time to use the earJicu* method of detenninin^ dominaiHM^: 
iiajnely, that of ascertaining which parental j)henoty])(* th(‘ F, mon 
nearly approaches. 


.loji WNI.sKKirtK '* HkI> CrilIlWT " 

Th(‘ data for tlie cross Johannisfeiicr X Ited (^irrant (tabl(‘ 1) show' 
tliat sijynificajit dillVrencc's between the means of K(»d Currant, the Ih 
to Red (^irrant, and the Fj [^(‘iieration do not (‘xist for nuinb(‘r of days 
from s(‘edinj»: to first bloom for (‘ither ntS7 i)r ItKtt). For all practical 
])ur])os<*s the i)henoty|)e of the Red (^iirrant parent is completely 
<lominant. Also, it can lx* seen that in a si}j:nificant diffenMice 

did not exist betW(*(Mi tlie mean of the Fj and the mean of the R, to 
Johannisfeuer for the same siibcharacter. The difference for IWItT, 
although statistically si^nifi<‘ant« is small. Tln^ nieajis of the Johan- 
jiisf(‘uer ])anMit for 1PJ7 and ItKP.I are sijxnificantly larjjer than the 
means for any otluM* variant. 

(Ninsiderin^ tin* <lata for number of days from first bloom to first 
fruit s(‘t, it <*an be seen that for lt)J7 the standard error of the mean of 
the F| ^em»ration is too larj^e to alhnv the draw'injj of comJusions 
repirdinjr either het(‘rosis or dominance. For it is clearly 

evident that hel(*rosis does ('\ist, as the Fi m(‘an is significantly smaller 
than the mean of eitluM* parent« and furthermon* in no cast' is tlu^ 
mean of any of the jreiuMations as large as the* mean of tln» parent to 
which tin* gemmation is most closely related. However, the* differences 
not(*d in tins latter comparison an* not always statistically significant. 

Tin* data for the third stage likew'ise* show that the mean of the F| 
is significantly smalh*r than tin* nn*an of (*ither j)arent for eachyeai of 
this te*st. This shows that heterosis does occur for this stage* of 
ele*ve*le)pme*nt. Alsei, e*ae*h e)f the* generatiem m(*ans, with the e*xe*eption 
of that e)f the Ih to Re*el Currant in ItWt, is smalle*!* than the* me*an feu* 
either pare*nt. Again, the differ(*nce*s iu)te*d in this latte*r com])arise)n 
are* ne)t always statistically significant. 

For the* earline'hs chara<*te*r, me*asure*d by number of days from 
se‘e*ding tei first e*e)mple*te* eJiange* of <*olor, the me*ans of the* Fi ge'ne'ra- 
lieui are* signifie'antly smalle*r than the me*an for eilhe*r parent feu* both 
lt>J7 ami Ht.SP, and furtherineu’e e*ae*h eif the gene*ratieui me*ans for 
is smalle*r than the inc*an feu* either pare*nt, although the* elilfe*re*nce*s 
an* ne)t always statistically signifie*ant. 

T)\n\im{k .Jon xnmm i:i kk 

The* elata lor the* e*re)ss Danmark > flohannisfeuer (table I) show' 
that the in(*an of the* Fi gene*ration falls be*lw'e*e*n the* me*ans of the tw'o 
parents feu* numb(*r of days freim s(»e*ding to first bleHUii but is close*!* le) 
Mie me*an of the* J)anmark i)an‘nf. Hence, e*arlin(*ss e)f ble)eun is 
])artially deiminant. The* means of all the ge‘m*ratie)ns fall b(*twe*e*n 
the means of the two parents. (Ninsidering both 19JS and 1939, the 
dillere*nce*s be*tw'(»e»n ge*neration and panuilal means an* statistie*ally 
significant. 

R(*garding number of days from first bloeun to first fruit set, the 
mean e)f the* Ft gen(*ralieui for each ye*ar is sisrnificantly smalh*r than 
the mean of eitheu* ])arent. Again, feu* both y(*ars the* m(*ans of all 
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goiioriilions are sinalliM* Ilian tlio iiionii for oilher parent. However, 
the (liiferenees are not always statistically significant. 

For number of days from fimt fruit set to first complete change of 
color, the mean of the F] generation lies betw(*en the means of the two 
parents but <*los('r to the mean of the parent having a short period for 
this stag(‘ of development, and each of tin* g(‘nerati«)n means li(‘s be- 
twc»en those of the two parents. By the (*rilerion used, no lu'terosis 
exists; but as was found for the first stage, short duration of the 
period involved is partially dominant. 

From an (examination of thi' data for numlx'r of days from seeding 
to first c()mpl(‘te change* of color, which is the summation of the pn*- 
vious stag(es, it is found that in 1938 the means of JohannisfieiKT, the 
Bi to JohannisfieiKT, and the Fi are not significantly different, and that 
each of tin* generation means falls betw(e('n the means of the two 
panefits. This would indicate complete dominance of short duration 
of the ])eriod from scMHling to first complete change of (vdor of any 
fruit. For ltKf9 this same charact('r showcul h('t(erosis, tin' ])('riod from 
seceding to first comphetc* change of color of anv fruit being significantly 
shorter for the Fi than for eitluT parent. T^he same was true for all 
other g(*n(erations as wc*!!, but the diirerencc's b(etw('en the g(»neration 
m(‘ans and the ])arental iiieaii!;! W(‘r(‘ not always statistically significant. 

DanMAHK X KkD CeilKANT AND .TonANNiSFKl Ell X. PoNN'i 

The data concerning het(*rosis and dominance for the cross(*s 
Danmark Ri'd (hirrant and JohannisfeiuT * Bonny lh‘st an* giv(*n 
in table 2. In the casi* of the cross Danmark > Real rurrant, all sub- 
charact('rs and the character number of days from siM'ding to lir*st 
coniplet(‘ change of color of any fruit hav(* Fi mieans significantly 
sinalher than the comparable* means of i‘ither jiarent, with the (*.\cep- 
tion of the st'cond subcharact('r, in wdiich case the ditfen'iice divi(li‘(l by 
the standard (»iTor gives a P value som(*wdiat laiwr than O.Oo. Acconl- 
ingly, with tin* |)ossible (exception of numbier of days from first fruit 
set to first complete change of color of any fruit, all tin* stages of d(eA(*l- 
opnicent and the combination (exhibit liet(erosis. In the cross dohannis- 
feiuer X Bonny Be'st, h(el(erosis is (exhibiteed for the* first and s(*cond 
stag(es. However, in the latteer the diJlenence* betwtem the Fi and tin* 
JoliannisfeU(er ])arent is not statistically significant. For thi' first sub- 
chaiacler, (each of the geeneration means is less than the nuean of either 
parent. For numb(er of days from first fruit s(*t t(» first coiupfiete 
chang(‘ of color of any fruit, the mean of the Fi giemeration lii's bet W(e(en 
the means of the two iiaiTiits but is closi'i* to the nuean of Johannis- 
f(euer. IRence, tlie short(er pc'riod of this stag(* of d(ev(elopm(ent is 
])artially dominant. The Fi mean for numb(*r of days from S(e(‘ding 
to first comphete change of cohir of any fruit is smalher than that of 
either parent. How(»ver, the ditheivnce belw(e(»n the Fi nu*an and the 
nuean of llu* Johannisfeuer parent is not statistically significant. 

Sr M MART FOR AlL CrOSSER 

Ihe.lerosis occumed in the Danmark x" Red Chirrant and tlu* dohan- 
nisfieiier X Bonny B(‘sl cross(es, as is indicated by smalhej* number of 
days from se(eding to first bloom. On the basis of numluer of days 
from first bloom to first fruit set, heterosis occurned’in all cr()ss(es in all 
years, w'ithllu* possibh* (exc(eptions of Johannisf(eu(er X K(mI (^irrant in 
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1937 and Johaniiisfcuor 'X Bonny Bosl in 1939. In the' Joliannisfouor 
X Bt'd Currant cross, because of the larj^c standard error of the 
Fi peiieralion, no definite conclusions could be (Irawn. Heterosis 
for llie thir(l develoi)in(‘nlal stage was cxliibited by the cross 
Johaiinisfeuer X Red Currant. For this same* slag(‘, tin* iiu*an of the 
Fi generation in the cross Dajunark / Red Currant ^as sinalltT tlian 
the mean of eitlier parent but the difference b('lwe(»n tin* mean of this 
generation and tlie mean of tlie Red Currant parent was not statis¬ 
tically significant. Tin* (*haracter number of days from secMling to 
first complete change of color of any fruit cxliibited liet(»rosis in the 
crosses flohannisfeuer " Red (hirrant, Danmark ^ Johaiinisfeuer (in 
1939 but not in 193SJ, and Danmark / Red (\irrant. For this 
cliaracter, the m(»an of the in tJie cross Johaiinisfeuer - Bonny 
Best was less than the mean of either panuit but tin* diflereiici* in¬ 
volved in the comparison w'ith Johannish^iKM* was not statistically 
significant. In conclusion, it can be said that both h(‘t(M‘osis and 
doinijiance are dependc*nt uj)on the cross and upon (UiMroniiH'iit as 
n‘presenled by years. 

FFFiriENC'YOF TTIEOKETK’AL MKANSIN DETERMINING WHETHER THE EFFEl'TS OF 
THE GENES ARE ARITHMETICALLY OR GEOMETRIC’ ALLY CUMUL VTIVE 

M acArthur and ButlcM* ('‘harh^s and Smith { J ), and Powcts 
iJU) ha\e usc*d the* fit between obtaincHl and theoretical means as a 
method of detcM’mining whether the* data could be evpIaincMl more 
logically on the assum|)tion that the effects of the gc‘n<N are arith- 
meticallv cumulati\e or on the' assiimjition that they arc* gi*omc*trically 
enniulatiAe. Much of the theory basic to the* validity of this m(*thod 
is gi>c‘n by (1iarlc*s and Smith (^) in devc^loping the formulas for 
obtaining the* thcMirc'tical mc'aiis. This thc'ory n(*c*d not be rei)(*at(*d 
hc*re. 1'he nc*cc*ssity of coiisidcTing dominance* of lJn» c*haracters with 
which they worked was ])ointed out by IJndstrom (i/) and Powers 
(^.9). Table* 4 shows tlie forinula.s lor e*stimating the* lhe*e)n»tie*al 
mc*ans that take* doimnane*e anel he*te'rosis into c‘onsiele*ralion. 

The* feirmulas for the* means of the F 3 ge*ne»raf iem w'e*re ele*\ e*lope*(! liy 
Wright, as cite*d by Pe)we*rs (?/y). Jn applying the*se lormuhis, in 
olhe*r worels, in using this method, erne should asce rl a in the efficiency 
e)f the inetheMl. If it js e*flicie*nt, the elilferc*ne*e* be*lwee*n the two 
('emiparable thee)re*tie*al iiie*ans e>f ge*ne*ralion or bae‘ke*ross iiiU'^t be* 
stalistically'^ significant or, e*\pre»sse*el m anothe*r way, the* ce)n(rast<*el 
feirmulas must be eliseriininaten-y. if the*y are* not elise*riminate)rv, the 
diflicultv may lie inhe»re*nl m the* elata or it may be* inlie*rent in the 
me*thod as applie*el te) suedi elata. 

Taulk 1. Fot nvdnn Jot tMnnahng aulhtnftir nnd gfomitur imaua 
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The data may bo tested by two oriteria: (1) If tlio differences 
between parents are of sufficient magnitude to be of economic im- 
portan(*e, methods should be developed by which problems involving 
these differences can be stu<lied; (2) if the differences arc of sufficient 
magnitude to be established as statistically significant, methods 
should b(‘ developed by which problems involving these difference's 
can be studied because such difference's are important to theoretical 
genetics if not at the moment of importance to applied ge'iietics. 
Prom tables 1 and 2 it can be seen that, with the possible' exce'ption 
of tlie stage from first bloom to fii’st fruit set, economically important 
difference's exist for all stage's eif elevelopine'ut and for the earline'ss 
character measured by number of eiays from se'cding to fii'st complete 
e'hange of color of any fruit. IIe'ne*e any diflicultie's note'd would not 
be inliere'iit in the data. 

Tabie 5 —Obtained and ih(onUcal nuanh for dtjfnnit stagth of divdopment of itu 
cross Johanmsfn/(r X /ftd Cvnanf, txpussfd tn numbn of dags 
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To detc'rmiiie the e'fficie'iicy of tlie ine'thod as applie'el to the'se 
(lata, th(‘ obtaine'd and theoretical means for diffe'rent stages of 
developme'iit in the cross JoliannisfeuerXKed (’’urrant are tabulated 
in table 5. In no case is there a statistically significant difference 
between the obtained mean and the corresponding theoretical mean. 
The comparable data in the latter half of table 1 and in table 2 for 
the otlu'r crosses were calculated; but, since the conclusions drawn 
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wore llio sumo as iliose'clruwii for the data pjvsciitod in table T), it is 
not nooc^ssary to prcsc^it the data in dc^tail. It is appoj'cmt that, as 
rej^ards this study, this method is not sufficiently S(*nsitiv(5 to be of 
any partieular value as a means of studying the nature of the inter¬ 
actions of the pmes. Th(' apn‘eement between the obtained means 
and the theoretical nutans was good with the* possible exception of the 
Bi to fFohannisfeuer in 1939 for number of days from scM'ding to first 
bloom (table 5). Also, the agi'oement between the bbtairn^d and the 
thc*or(»1 ical iiK'ans was good for the other croas(‘S. Ih'cause of the 
inefficiency of the* method employed, conclusions drawn from such 
facts would be of little, if any, value. 

DISCUSSION AND CONCLUSIONS 

From the expcuhnental data it was found that the earliness-of- 
niaturity character, as measured by number of days frojn seeding 
to fii-st com])lete change of color of any fruit, is composed of at least 
three stages of develojnnent: Number of days from seeding to first 
bloom, juimber of days from first bloom to first fruit set, and numl)er 
of days from first fruit set to first comjdete chajige of color of any 
fruit. This fact has considerable importance in breeding early 
varieties of tomatoes. The cross Danmark X Johannisfeuer may be 
used to illustrate this point. It will be remembered that Dmunark 
has a short period of development from planting of the seed to first 
bloom but a long ])erio(l of de\elopment from first fruit set to first 
(‘oin])lete change of color of any fruit, ^^hereas dohannisfeuer has a 
long ])eriod of development from planting of the sc^ed to first bloom 
but a short jieriod of development from first fruit set to first complete 
change of color of any fruit. Now, .since the Fj generations of the 
crosses Danmark X Ked C^irrant and Johannisfeuer X Ked (^irrant 
have short periods for both of tliese stages of development, it would 
seem tliat a variety could be produced recombining the genes for 
short duration of the stage of development from seeding to first bloom, 
characteristic* of Danmark, with the g(»nes for short duration of the 
stage of development from fii*st fruit sc*t to first comjilete change of 
c*olor of any fruit, characteristic of Johannisfeuer. Advei-se linkage. 
relationshij)s would complicate the problem. Also, the nature of 
the interactions of the recombined genes would deterinine wdiether a 
strain could bo developed that possessed a sliort period for both of 
these stages of developmejit. At the prescjit time neither the linkage 
relationships Jior the nature of the interactions of the genes are known. 

The importance of heterosis to a breeding program was recognized 
by early w'orkers: Kolreuter (f/O, Knight (1H)j Sageret (31), Gartner 
(h), Focke (8), Shull (S3, 3^, 3J, SO), Bast (^, /J, (/), East and Hayes 
(7), Jones (17), and many others. The possilulity of utilizing heterosis 
in commercial production of tomatoes has been pointed out by Welling¬ 
ton {/iO), Hayes and Jones (/})> others. Jones (11), reporting 
on earliness in tomatoes, a large ])art of the data having been collected 
by H. K. Hayes, states that in one cross the F, generation was fully 
as early as tlie early parent. Luc*kwill (22) found that the time of 
flow’ering in tomato hybrids was intenuediate between that of their 
])arents, except in intraspecific crosses tliat differed in a major growth 
factor (d or hr), when dominance of early llowering was shown. 
In regard to utilizing heterosis in tomato production, the possibility 
of making profitable the use of Fi seed to produce the commercial 
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crop of tomatoes should be considered. The authors realize that this 
problem cannot be completely solved at this time. However, the 
data on earliness of maturity as reported in this paper have some 
hearing upon the solution. 

The data having a bearing upon heterosis as expressed by shortening 
of the period from seeding to first complete change of color of any 
fruit are listed in table 6. Upon examination of these data, it is 
found that only 2 of the 12 differences are not statistically significant. 
The Ki generations are not significantly earlier than Johannisfeuer 
in either the cross Danmark X Johannisfeuer in IQtSS or the cross 
Johannisfeuer X Bonny Best. Special attention should be given to 
the crosses Johannisfeuer X Red Currant and Danmark X Red ( \irrant. 
For tlie cross Johannisfeuer X Red Currant, the perioil from seedmg 
to first complete change of color in 1937 was 2.8 days shorter for the 
Fi than for the Red Currant parent and 8.6 days sliorter for the Fi 
than for the Johannisfeuer parent; lu 1939 tins same period was 7.1 days 
shorter for the Fi than for the Red Currant parent and 17.2 days 
shorter than for the Johamiisfeuer parent. For the cross Danmaik X 
Red (^irrant, the period fjom seeding to first eompkdc change of 
color of any fruit ^as 16 days shorter for the Fi than for Danmark and 
3.1 days shorter than for Red (Wrant. It may be concluded that 
heterosis is quite pronounced in the cross Johannisfeuer X Red 
Currant and the cross Danmark X Red (''urrant. 


T\BLn 6- Thi (hffcunci^ nhiaincd h\f subharUnq Iht panttfal mtans fiom iheif 
tespuiiiu nnation weans fo? fiumbtr of daqs fiotn saihnq 1o Just rmnpletf 
(hanqt of <olot of any f) ml 


Cioss ind pm fit 


Tohannisrt uor X Red ( tirninl 
lohaniiisft ui r 
Rid ("urriiit 
1 faiiitiiiik X ToliaiiiiisU lu i 
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JohHnnisli ui r 
Dnnmaik X Heil (''urraiit 
DHumark 
Ri d rurranf 

Johuniiisfi lur X Bonny Bis 
Tohannisfoiif r 
Tlotiu\ Rest 
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1 e OUl for all didirimis not murked \iith an astinsk (*}, but 0 05 lor all \alu(s nnrkid \vith an 
asterisk 

In evaluating the shortened period from s(»eding to first complete 
change of color of any fruit exhilwted by the Fi generation, it is well to 
consider some of the ni(‘diuin- to large-fruited varietic's available for 
commercial production. ^ Babb and Kraus (f) have found Johaunis- 
feuer to be the earliest in maturity of the medium- to large-frmted 
Mirieties and Danmark to be the earliest variety that produces fniits 
of sufficient size, smoothness, and quality to be classified as a fairly 
acc(‘ptable commercial variety. Bonny Best is classified as a second 
early by BoswelH and is one of the moat widely grown varieties. 
In 1939 the Fi of Johannisfeuer X Red Cuirant re(|uired an aviTage of 
17.2 fewer days from seeding to first complete change of color of any 
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fruit lhau did Johannisfourr, and 27.9 frwcT days than did Bonny 
liost. In 198S tbo Fi {Melioration of Danmark X Rod Currant roquinnl 
an avorago of IG.O fowor days from socnlin^M to first ooinploto ohaiifco of 
color of any fruit than did Danmark. Th(‘S(‘ figiircvs amply dc'inon- 
strato the advantugo in oarluioss that tlioso Fi generations have over 
the earliest maturing commercial varieties. If this advantage of the 
Fi gemmations can be transferred to tlie Fi generations of comnu'rcial 
varieties, such a new production will be of decidejd benefit to those* 
sections liaving a short growing season; for example, the high irrigat(*d 
valleys of tlie Kocky Mountains and the northern parts of the United 
Stales. Jt seems ])ossi])le that the use of Fi seed may have a place 
in commercial tomato production, the Fi being grown until the plant 
bnMsIer, if possible*, recombines the desirable characteristics of both 
vari(*ties into a single variety as early ils the Fi. 

The great importance* to tlie plant breeder of information conceniing 
the* nature of the interactions of the genes aff(*cting earliness of ma¬ 
turity may be* eleeluc(*d from the fori'genng discussiem. Th(*r(»for(*, 
nielhods of studying the nature of the inte*ractions of gene*s diffe'rentiat- 
ing quantitative charact(*rs me*rit careful consieleration. 

Thr(*e' ni(*thods that have be*en use*d to stuely the nature eif the 
inte*ractions e>f the ge'iies difforentiating quantitative characters will be 
discuss(*d. In some studie*s the* ge*ne)type*s can be ielentili(*el elirectly 
(/.i, J7, {/), ami thus se'givgate's e>f elilfere'ut gene)type*s ciui be ae'cu- 
rale*ly classifie*el. Whe're* sue*h a prewe'dure can be fe)lleme*el, this is 
jirobably, in ge*neral, the meist e*nie*ie*nt inetheiel eif stuelyiiig the nature 
of the* i?»te*ractions of the ge*ne's. llemeNcr, in the majeirity eif case*s, 
the* elin*e»re*nt g(*ne)type*s ele'])e*nele*nt upon se'gre*gatie>n of the ge'ne*s 
elilfere'ntiating the quantitative e*haracte*r cannot be ele*te*nnine*el. 
Then the nature eif tlie* inte*rae*tie)ns eif the* ge*ne*s may be stuelie*el by 
ine*ans e)f marke»rs 2S, 37) ami possibly by ceunparing the 

jnerage*s of elilfeiviit ge*ne*rations with a pre*elicle*el a\^*rag(* e‘alculate'd 
freun ]iarental and Fi means. The calculatiem of the*se means is base*el 
eni e*ertain the*e)retie*al e*onsid(*rations (^, 13, 30), 

All thre*e* of the*se me*the)ds have e*e*rtain aehantage*s and if ajiplicable 
shenilel furnish inibrinatiem cememrning the* nature of the inte*raclie)ns 
()f the* ge‘ne*s as me*asure»d by e*nel pre)elue*ts. An aelvantage* eif the 
first me'theiel is that geiu*s ha\ing majeir e‘fre*e*ts are being stuelie*d 
eliive'lly threuigh the effe'cts IheV proeluce*. ITe)weve*r, it sliemlel be 
ke])t in Jiiinel that othe*r ge*nes on the same e'hremieisome* that eliiFe*r- 
entiate* the* same* character would have* an e*fre*ct also. An aelvantage 
of the* se'ceinel me*the)el is the ease with whie*h the e*lassificatie)n e)f the 
se*gre*galing generations can be* made*, liy a j)re>i)er elesign e)f the) 
expe*rime‘nt the effee'ts e)f se*ctie)us e)f the chre>me)se)ine* e*an be measiire*el 
ami the nature e)f the inte*rac1ie>ns erf the gi*ne*s stueru*el (30). The* thirel 
methoel e*ntire'ly elispense*s with the e*lassirie*atie>n within geiie*i‘atie)ns. 
As a conseque*nce*, both the W'eirk erf taking the* data ami the W'e)rk of 
redue'ing it are* gre*atly eliminisheeb making it pe)ssible te) broaele*n the 
se*e)pe* erf the* stiidie's by including more cre)sses. Certain othei facts 
shemld bo ke*j>t in mind re*garding this ine‘thoel. Limlstrom (31), 
Powe*rs (30), ami Lye)n (33) have she)WTi that dominance3 must bo 
taken into a(*count alse». This may be summe*d up by saying that the 
me*asureme*nts of the Fi must be used in calculating the theoretical 
means. Mort*ove*r, it should be ke'pt in mind that the gi»neratie)ns are 
tre'atenl as the units and hence it is not the nature of the* intcn-actions of 
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particular gone pairs that is measured but probably tlu^ nature of the 
interactions of a large number of gene pairs whose individual <'ffects 
have not been determined. In other words, this type of study deals 
with the genes in mass. It is apparent that the information obtained 
by the use of one of these motho<l8 would supplement that obtaiiUKl by 
the use of another. Hence, providing they an* efficient, all would have 
tlieir place in studying the nature of the interactions of the genes as 
measured by end products. It will be remembered that the method 
of comparing obtained parental and generation means with theon*tical 
means was not suffici(»ntly discriminative to be of any value in deter¬ 
mining the nature of the interactions of the genes differentiating the 
stages of development under consideration in tliis study. 

SUMMARY 

The subdivision of the period from seeding to first complete change* 
of color of any fruit into the following stages of dc*v(*l()pment was found 
to be biolofpcally sound for certain crosses involving varietic»s of 
Lycopernicon eficuhntvm and L, phipinellifolium: (1) Number of 
days from seeding to first bloom; (2) number of days from first bloom 
to fimt fruit set; (3) number of days from first fruit set to first com- 
pl(*te change of color of any fruit. 

in each stage of development heterosis was (»\hibited in the case of 
some one or other of the crosses. 

Heterosis W'as found to be dependent upon both tin* genotype (eross) 
and the environm(*nt. 

The method involving comparison of tin* obtaiiu*d mean of a gi\(»n 
geji(*ration with predicted arithmetic and g('om(*tri(* in<*ans calculatc*d 
from obtained parental and Fi means was of little value, as r(»gar(ls 
these data, in determining whether the nature of tin* interactions of 
the genes was such that the effects were arithmetically cuinulatixi* or 
wliether it was such that the effects W'cre geometrically cuniiilati\e 

The possible importance of the findings in a plant-hn*eding program 
is discussed. 
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INHERITANCE OF QUANTITATIVE CHARACTERS IN 
CROSSES INVOLVING TWO SPECIES OF 
LYCOPERSICON ' 

By LeHoy Powers 

Srnior geneliciM^ Division of Fruit and Vrgetahh Crops and Diseases, Bureau of 
Plant Industry, Cnittd States Department of Agriculture 

INTRODUCTION 

Slinlios on lh<‘ inlioriliUUT of quantitutivo oliaractors in crosses 
within the genus Lyvopersicon, like all quaiitilative inheritance 
studies, are concerne<l with multiple faetoi*s, heterosis, <loininanee, 
ami the nature of the interactions of the genes dilferentiating the 
<juantitative chai-acters. The puq)ose of the n'sc'arch r(q)ort(‘d 
hendn was to obtain more* information concerning tin' latter three 
])hases of the ])rohhMn and to apply this information in sha])ing a 
lomato-hreeiling ])rogram. The work was done at th(» Horticultural 
Field Station, Clieyenne, Wyo. 

Before' proiM'oding further, the w’^riter wishes to point out that, (*ven 
though from the' standpoint of physiological genetics heterosis and 
elominanci* an* probably fundamentally the same, it is convenient in 
llu'se studies to use both terms. It is important, however, that the 
use of th('S(‘ teims be (‘h'iirly undei*stood. Those* cases an' considered 
as exhibiting het(*rosis in w'hich the phenotypic expression of a char- 
act <'r in the Vi generation is either greater than or h'ss than the magni¬ 
tude* of such ('xpression in e'itlu'r parent, (^omplete dominance is 
applie'el to those (*as('s in which the phenoty])ic I'xpn'ssion in the* Fj 
g(‘m‘ration is that of one or the edher parent, provieleel th(»re is a 
signilicant diffe'i’eMice betw’eM*n the tw'o pareuits as regards tlie character 
under consideration. The* ((‘ini ^‘partial dominance*’’ is used when 
the* ])he*ne)typie* (*xpre*ssie)n in the h\ gi*neratie)n lie*s be'tween that of 
the* |)are*nls, but is anything othe»r than e*xactly inle*rme*eliate (arith- 
me*tie*ally). Finally, ne'ither hetere)sis nor elominaiice is e*e)jisid(*red 
as existing whi'ii the* (‘\pre*ssiem in the Fi gene'ration is e*\aclly 
inlerme*eliate* (arilhme*tically) be*twe'e*n the magnilueles for the tw'o 
pare*nts. 

PREVIOUS UKSKARCII 

Without atte*mpting to revi(*w' all of the* ])revie)us inve*stigalions 
eh'aling with heterosis and dominan(*e anel with the iiature of the* 
inte*ractions of the genes as in(*asured by end ])rodue*ts, it is de*sire'el 
to ree-all the* funelame*ntal i)rinciple's ('stablishe'el by e'arlie*r w^ork, as 
W’e*ll as senne e)f tiu* the*orie's de'aling with the g(*netic e*xplanalie)ii of 
tlie*se* ])he'noine*na. 


ITETEKe)SlS AND DOMINANCE 

Hybrid vige)r has re*e*e'ive'el the* attention e)f plant stuele*nts foi 'more 
than a (‘(* 1 ^ 11 ^ anel a half. Ke)Ireute*r (29) “ report eel case's of hybriel 
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vij'op as oarly ns 1766. That hybriil vigor is of general occurronco 
in tho 8 (‘ Fi generations that come from parents of genetic diversity 
was established early by Knight {28\ Sageret (^/), Gartner (13), 
Darwin (4), and Focke [12). Inbreeding followo<l ty hybridization, 
as a methocl of utilizing heterosis in corn improvement, was ndvoeatc^d 
by Shull ( 42 , 43 , 44)i East (5, 7, 8), ainl East and Hayes (/f). Their 
work was tin* basis for the development of the modem methods 
employed in br(*c‘ding those crops in which the utilization of heterosis 
is a primaryT consideration. 

The fii’st genetic explanation of hybrid vigor w^as given by K<'eble 
and Pellew (25) in 1911. They crossed two varieties of ])eas of medium 
size and obtained F] plants lai’ger than either parent. One of the 
par(*nts used in the cross had few but long internodes, whereas the 
other parent had numerous, short, thick internodes. The Fj hybrid 
had both numerous and long internodes and therefore W'as consider¬ 
ably taller than either parent. Keeble and Pellew (25) found that each 
of these charact<‘rs was <liffercntiated by one factor |)air and that the 
larger size of the Fi generation was due to the fact that the effects of 
these two gene paire were cumulative. 

That there* is an association belw'een number of eloininant faedors 
and hybrid vigor was postulated by Bruce (2). Jones (23) followed up 
this supposition and <l<*veloped wdiat is probably the most g(»nerally 
accept(*<l (‘xplanation of heterosis. This hypothesis is, briefly, as fol¬ 
low's: ( 1 ) A large* nunibe*r of ge*ne '8 are responsible for the diffe*rentia- 
tion of most of tlie* epiantitative characters; anel ( 2 ) those gene*s favor¬ 
able to the production of a quantitative charae*ter are at le*ast partially 
dominant. These two assumptions are 8 uflie*ie*nt to account for hybriel 
vigor, but mav not (*xplain wdiy corn bre*e*dei*a have* ne)t been able to 
obtain ae*lfe*d line's of corn as vigorous as the Fi ge*neration between 
two inbre'd line*s that combine wc*ll. Jone's (23) polnt(*el out that, 
since maize has only 10 paiiw of chromosome*s, if a large number of 
gi'ne pairs are involve*d some of the*se ge»nes we)ulel have to be* linke*d 
provided the chromosome th(*oi'y of lH*redity is ce>rre'ct. (\)ns(*ejnenlly, 
the pre)bability would be* e‘xtr(*me»ly small of ivcoinbining inte) a single* 
inbrt*d line* all e)f the* ge*nc*s favorable togrow'th of two inbivd line*s. .Most 
plant bre*e»ele*i*s seM'king to take aelvantage* e)f heterosis have ace*e*pteel 
this thc'oiy anel have usi*d it as a basis for their br(*celing programs. 
As is we*ll know'll, corn bree*deiw have be*e»n particularly suce*e*ssful in 
using bre'cding iiiethods based on Join's’ (23) e*xplanation eif lu*<e*re)sis 
(18, 27). 

In 1936 East (10) ad\anc(*d a some*what difl’ere'iit theeny in explana¬ 
tion of hetereisis. He* elivide*el genes into two classe*s, defective anel nem- 
elefe*e*tive, and stated that heterosis is not conceme*d with the de'fe'ctive 
genes. With this conception in mind. East (10) maele the fedleiwing 
statement: “The* cumulative action of the nondefe*ctive alle*le)me)r])hs 
of a giv(*n gene* approaches the strictly additive as the*y eliverge from 
each otlu'r in function.” With this classification of ge'iu's in mind. 
East (10) dev(*lope'd the following the'Oiy. If numerous noinlefe'ctive 
alh'lomorphs are common in any given"specie*s. heterosis cun be ae*- 
counted fe>r as follows: The e'ffect of Ai is not 2 Ai, but 2 Ar-a, 
whe*re the value of a approaclu's the value of Ai. But if A, ... ^4 
are a se*rie *8 of nondefective allelomorphs of Ai, wth the'ir functiems 
departing from those of Ai on an usce'iiding se*ale, then the resultant 
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c*lf(H'ts may bo visuiilizcnl as Ai A 2 oqiialiiij? Ai t A 2 —P, /li A^ equaling 
^ 1,4 A 37 - 7 ; ttiul -.li ^4 equalingwhere a>j 8 > 7 >5. 

At this time it is desirable to eompan* the two theories. Both assume 
that a large number of factor's are involved in differentiating the quan¬ 
titative ehai'acters. Jones’ (^S) theory assumes at least partial domi- 
nanc(' of tlu'se numerous favoi*able growth genes, whereas East’s (10) 
theory assuinr's divergencr* in function Ixdween member’s of any one 
allelomorphic ser-ics. To explain why corn breeders have not b(»eri 
al)l<‘ to select inbr’ed liru^s as vigor’ous as the mor’c* pr’oductive Fi gen- 
er*ation hybr-ids, Jones (^S) points out tliat if the genes bringing about 
lu'tru’osis ar’c vcxy numerous in a species, such as Zea mays, with only 
10 pail’s of chromosomes, some of the grains favorable to growth would 
of necc'ssity be linked with genes not so favor’tible to gi’owtli. (Conse¬ 
quently, it would be extremely difficult to obtain inbr’ed lines as vig¬ 
orous as the Fi genei’ation. According to East s (10) theor’v, if only 
di\ergence in function between member’s of ])air’8 of allels were opei’at- 
ing to br-ing about the* ex])r’ession of hylu’id vigor, lh(» production of 
inbi’ed lines as vigor’ous as the Fi generation, or’iginating from geneti¬ 
cally divr'rse par’cnts, w^ould be impossible. 

The evidence is not vc'i’y (‘Xtensive in support of the contention 
that diver’gence in function occurs betwcxui mernlxTs of alleys. Sinnott 
and Dunn (47) cite a case reported by Dunn, in which each of twro 
r’ecessive genes and /M in the mouse is lethal when homozygous 
(/T orbut the h(*ter*ozygote (fV) is viable and normal in charac¬ 
ter. They |)oint out that the action of thes(‘ tw'o pi’obably allelic 
gen(‘s is complementar’y and hence the r’(‘sults can be interirr’eted on 
the basis of diver*genc<» in function of the member’s of the allelic pair 
of genes. Luckwdll (32) believes that the I’esults he obtairu^d from 
studies (healing with h(‘ler'osis can be most logu’ally explairn^d by 
East’s (10) theoi’v. It is clear that the par’tial dominance 1 h(‘ 0 iy' for 
tin’ explanation of heterosis and the theory involving the diver’gence 
in function of rnernlx’rs within allels are not mutually exclusive, since 
the |)henomena dilfer’i’iitiating these two theor’ies may be operating 
in till’ same ci’oss. That such rnav be tin’ case seems ])robabI(’ wdren 
one considers tin’ par’t that duplication of pai’ts ol chromosomes, 
arn'ujdoidy, and polyploidy accompanied by point mutation must 
havejJayed in the oi’igin of divei’gent jJant forms. Hence, both of 
tln‘s<» tln’oric’s merit cai’eful stinly. 

Evidence sufficient to differentiate the par’tial-dorninance theor’y 
and tin’ tlreoi’y based on diver’gc’uce in function between members of 
allels wull be difficult to obtain. However*, (’videncc' concei’ning the 
relative iriqnirtance of these two phenomena will not be so difficult 
to obtain. For example, if it w^ere possible to establish selfed line’s as 
vigor’ous as the Fi genei’ation, in those cruses in which the Fi genei’ation 
was materially moi’e vigor-ous than the inbi’ed lines from which it 
originatc’d, then the’ divc’r’gence in function of nn’inbei’s of aJlels, at. 
h’ast, could not have played a predominant part in bringing about 
heterosis; since, iw’cording to this theory, heter’osis is dc’pendc’nt upon 
heterozygosity. The’ experimental design for sueh a t(’st should 
iiK’lude at leaist the F, generation, the or’iginal inbred line’s fi’om which 
it sprang, and tlie’ sc’Ie’cte’d inbre’d line e>r’ line’s. As far as the author 
can asce’rtain, no case involving such a critical te’st in wdiich the 
se'le'cted inbreel line’s have e’ejuah’el the Fi generatiern in vigeu* has bee’ii 
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roportod for oithor naturiiUy aelf-fertilizod or iiuturally cross-fortilizod 
plants. 

Rich<\V and Sprague {Jfi) have done work that has a bearing upon 
this problem. They attempted to increase productivity of inbred 
lines by convergent improvement The process iiivolvcnl back- 

crossing th(» Fi geiK'ration to each of tli(» original inbred lines entering 
the (TOSS to produce the Fi generation, and then sc'lecting to cany 
ov(T as many of the favorable factors froiii the nonn^curring parent 
as possible'. These sel('ct('d plants were again crossed to tlie recurring 
pai*('nt. Hence, two indepc'iident backcrossing programs were carric'd 
along simultaiK'ously, one to one pari'jit ami anotln'r to the otlu'r. 
The Cl iterion as to the iiuinlx't of time's that backcieissing anel sele'ctiou 
shoulel be* practice'd was whether tlie yie'lel eif the* progeny e>btain('el by 
creissing the sele'eTe'd backcreisse'd plants with the nenire'curring jiareiit 
e(|uale'ei e>r e'xceedeel the yie'lel of the Fi ge'neration jilants eibtaine'd 
by creissing the eiriginal inbreel line's, lliche'y anel Sprague* ( 40 ) found 
thre'e or four ge'm'ratieins e)f back-pe>liinating to be suflicie'nl for the* 
se'Iectieui e)f some line's whewe be'lnnieir in such crosse's woiilel be e‘(|ual 
or Hupe'rie>r te> the re'curring pare'iil. Meire'eivi'r, tlu'y stati'el that 
('X])e'rie'ne‘(' also indicated that only two eir three* ge'nerations of se'lling 
afte'r back-pollinating woulel l>e re*(|uire'el te> fix the rc'cove're'd linens 
sufficiently fe r a se'cond cycle eif coiive*rg('nt improve'ment. 

With the* imnie'diate'Iy fore'geung methods anel re'siilts in ininel, it is 
easie'i* tofedleiw Richey and Spnrgue^s ( 40 ) discussion as to the Ix'aring 
of tlieir data on the tlu'eirie's for the e'xplanation e>f Ix'tc'rosis. In 
19.S1, when the'y wrede their pn]x*r, East’s tlx'ory had ne>t Ix'e'n 
advance'el. Th(*y e'xamiiu'd the'ir data te) elete'rmine whether he'terosis 
could most logically be accounte*el fex* by the ])hysiological-stimillation 
hypedhe'sis or by the hypedhe'sis base'd exi at li'ast ])nrtial dominance* 
eif ge'iH'S favorable to greiwth. IIowcM'r, the'ir re'inarks e'oncerning 
the stimulation hypothe'sis could just lus we'll ajiply to East’s theorv 
of dive'rgence in functiexi of me'inlx'is e)f alh'ls, sine'e* ace*ording te> both 
theorie's heterosis is ele'peneh'nt upon hete»rozvge)sity. Rie'lu'v anel 
Sprague'’s (fO) datape'rtaining totheproble*m unele'rcemsiele'ratiojiwere' 
diviele'el into two se'parate* cate'ge'rie's. 

Tn the first categoiy were given the yiedels of the Fj generations, the 
yie'lds of the F, corn creisse's Ixie'k-pedlinated te) eine parent for elitferent 
iiuinbeTs of ge'nerations anel then creissexl with the nonre'curring pare'iit, 
anel the yielels oi the Fi generations obtaineel by crossing the original 
inbred lines. Se'lee'tion te) retain genes fre)in tlie iieinre'cnrring ])arent 
was practiced during the back-])ollinating program. Richey anel 
Sprague (\ 0 ) compared the eibtaineel yielels with the tlie'oretical yie'lels 
calculnteel on the assumption that the e'lFevts of the gene's are aritli- 
nx'tically cumulative. That this assuniptie)n pre)bablv was ce>rre'ct 
will be shown later. They pointeel out that for the first bae‘kcre)ss 
generation se'le'ctie)n coulel not be practiceel, but that for the re'maining 
backeToss generatie)ns sele'ction for geix's from the neiiire'curring parent 
woulel make tlu'se sek'cte'el lines more like the m)nre'curring j)arent. 
Hence, acewding to the th('e)Ty of elive'rge'iico in function betwe'e'n 
members of allels, the yields of the crosse's betwe'cn tliese se'lecte'd 
lines anel the nonrecuriiug parent shoulel be leiw’cr than the theoretical 
yie'lels. As a matter of fact, Richey anel Sprague foil ml the 
reverse to be true, as would be expe'ctexl on the basis of tlie ])artial- 
domiuaiice theoiy for the explanation of heterosis. 
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In the seccmd categoiy were diseussed the yields of K, p:enerations 
resiiltiiijr fi’oin erossinj' selected iid)re<l lines and the yields of tlie Fi 
generations resulting from crossing the original inbred lines. In any 
one cross the two selected iiilwea linos resulted from a program (if 
backcrossing to different parents. According to the theory of diver¬ 
gence in function between niembei*s of allels, the F] generations result¬ 
ing from crossing selected lines should produce lower yields than tlio 
F| generations resulting from ci'ossuig the original inbred liiu's. 
ilich(*y and Sprague ({t)) obtained (jiiite the revei^se ivsult. The Fi 
cn)sses X 2^)y (2 X IV) and (3 X 2'*)X(2 X 3*) yielded more than 
the actual parental Fi (‘ross 2 X 3. Again, the results are those ex- 
])ected on tlie basis of the f)artial-doniinauce theory for the (explanation 
of heterosis. However, the n'sults do not (exclude the possibility of 
diverg('nce in hiirction of iiKunbers of allels accounting for some of 
the heterosis (exhibited by th(‘se F, generations; l)ut the results (lo 
furnish rather conclusive evidence that such a phenomenon cannot l)e 
the sole cause of lieterosis. (\)nsiderable ivsearch needs to be con- 
duct(Ml with a variety of plant material and characters before the 
relative importance of th(‘se two phenomena in bringing about 
luderosis ('an be evaluated. 

It will be ivimmibeivd that Joik's (J.f), in his hypotlu'sis c‘X|)laining 
why the corn biwdei’s had failed to obtain inbred lines as vigorous as 
the Fi generations, assumed linkage between geii(\s favorable to 
growth and those not so favorable. Anderson (f), working with a 
cross betwc'cn Xicotiona alata and X, langsdorffiif has publislu'd data 
that have a Ix'aring upon this problem. H(‘ discussed the hindranc(*s 
to fiw recom])ination of characters under the headings gametic elim¬ 
ination, zygotic (diiniiiation, “spurious phnotropy,” and liidvage. In 
his material the two primary (*aus(‘s of gametic (elimination were non- 
\iability of polk'ii and gen(»s for s(‘lf-st('rility. And(*rsoirs (/, p. 
eoniinents concerning zygotic (elimination in species crosses may be 
summed up by his slatemi'iit: 

'rii(‘ (MnnpIcMon of an\ pariiciilar Kj will he (l(‘tcraiiii(*(l In lli(‘ ])arhciilar 
(MiMionninit ni which il was >»rown as well as h\ the possihihlii's iiihiT«*iil iii the 
Reriii cells which hcRot il. ^^ell inider the .so-called standard conditions of a 
scientific experinient Iheri* are iiuineroiis iincontrolli'd \ariah1es to which am lwi» 
s])ecies will react difrerentialK These will include such factors as timi* of \ear, 
.sunshine, huinidit\, tenipiM'aturc*, crowding, funiigation, and otlii'rs. For e\er\ 
dif!(M‘entiall> selective factor in the eiiviroiiinent thiTe will tend to lie a selirtioii 
of F. s<*gregates. An ideal F is as impossihle as an iileal environment. 

“Spurious ])leiotropy’* may be of consnh'rable im])orlance in all 
biwding work involxing hybridization. For (example, it is rather 
e\i(l(ent that any characters entirely dependent upon the same phys¬ 
iological genetic proc('ss('s cannot be recoin hi lu'd. In n'gard to 
linkage, Anderson ('oncliKh's that if the nuinb(»r of factors tiirecling a 
character ('(pials or exceeds one j)er cross-o\(‘r stegmenl, then all su<*h 
characters w'ill be tightly linked, without regard to the further ivstric- 
tions inipos(Ml by frecjuencic»s. From tlu'oretical considerations he 
makes the following statement (/, fASV>); 

If wi‘ .siipjiosc Ihaf 1h(‘ s])ccics differ on Ihc average liv only fou»- gene-. ])(*r 
crossover sc'ginent (which seems a ridiculously low value) then the total hindrance 
is in the neighhorhooil of 1/20tS. 'I’liis iiii*aiis that even though we w<‘re to grow 
an Fj so larg(* that it occuiiied all the arable land on the earth, we would still be 
obtaining less than 1/2000 of the gene coiiibinations possible with no linkage. In 
our actual Fj fherefon* we hav(* been obtaining only a fraction of this fraction, 
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and in addition there have ^x»en the further restrictions ini]>osed by pleiotropy 
and gaiiu'tic and zygotic elimination. 

Anderson {1) points out that his data are in agreement with the 
theoretical consideration. These studies further emphasize the diffi¬ 
culties one may expect to encounter in attempting to obtain inbred 
lines as vigonms as those Fi generations exhibiting considerable 
heterosis. 

NATURE OF THE INTERACTIONS OF GENES 4S DETERMINED BY END PRODUCTS 

The lit(»rature on the nature of the interactions of the gen(»s as 
determined by end products is rather extensive, as in the broadest 
sense it includes both the physiological gemdic and morphogenetic 
studies as well as other studies on quantitative inheritance. Also, 
much infoimation can be obtained from papers on the applied phase* 
of genetics, naimdv, plant and animal breeding. No attempt will be* 
made to revie*w all the lite*rature having a bearing on this subje*ct. 
Only a brie*f review covering some e>f the more important principle*s 
will'be* given. For a more e*xte*nsive sui*ve*y the re*aele*r is refe*i-re*d tei 
Geddschinidt (/6‘). 

The the*ory of gene action as elevele>f>e*d bv (rolelschmidt {16) lias a 
dire*ct bearing upon an inte^qiretation of the elata conce*rning the* nature 
of the inte*ructie)ns of the* ge*nes differentiating quantitative (*haracte*i's. 
the'se inte*ractions being dete*rmin(*d by tlm measure*me*nt eif e*nel preieU 
ucts. Ciolelschmidt pictiire*s the (le*velopme*nt of the* individual as eliie* 
to reaction ve*locitie'S in tune* anel pe)stulate*s furthe*r that the* re*actie)ns 
inve>lve*d are catalyze*el by ge*ne*s. That the ge*ne*s contred rates eif 
reactions (/5, J^S) is basic to this the»e)iy. ()the*r bioleigical ce)nee*pt ieins 
basic to Goldschmidt^8 the'ory of ge*ne action are* thre*8holds, timing, 
interre'lationships of the* different redactions catalyz(*el by the ge*ne*s, 
anel the* nume*rical syste'ms inve)lve*el. A eliscussiem e)f each e)f the*se‘ 
phe*iioine*na has been give*n in pre'vious publications (/f/, 37) anel ne*eel 
not be re'pe*ate*el here*. FIowe*ver, since the* pre'se*nt stuely has to elo 
with the* numerical systems involve*el, it may be we*ll tei re*vie*w briefly 
some of the inve*stigations pe*rtaining to this jihase* eif the* matter 

At le*a8t two niime*rical syste'ins are* of inteivst. (I) There* may be* 
no inte*ractioas betwe*e*n the gene's afre*cting the* quantitative* character. 
Then, the (*ffects eif the^se ge*ne*s will be arithmetically cumulative. 
This is we*ll illustrate*el by the work of Mauge*lsele)rf anel Fraps 
who found that in corn the vitamin A units pe*r gram incre'ase'el 
appniximateJy 2.25 for each additional Y ge'iie. 

(2) The nature of the inte*ractions of the* genes affe*cting the quanti¬ 
tative character may bo such that the e»fre*cts of the* ge*ne*s are* ge'o- 
metricalljY cumulative. The methoels of attacking this preiblem have* 
been (luito diverse. From statistical conside*rations, Galton 
expresse'el the belief that the force*s acting on vital i)henome*na tenel to 
have* constant rate e'fTe'Cts (e»ffects in ge*ometric pi*ogre*ssion). East 
(.9) ami Groth (/7), from genetical and statistical conside*ratie>ns, 
came to the conclusion that in ci'rtain case's the effe'cts of geiu's 
diffe'rentiating quantitative characte'rs are ge»ometrically cumulative*. 
Lindstrom (S/), working with crosse*8 betwee'ii spe'cies o(LycoperHicon, 
clearly re*alizeHl that this may be tine. Houghtaling {20), from 
morpliogenetic studies on the size of the tomato fruit, reaclie*el the* 
same* conclusion. Sinnott MacArthur and Butler (SS), anel 

Charles and'Smith (S), from a study of the means and freque*ncy 
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ilistributioiis of Iho pa^c'nts, and of the* Fi and F 2 grnonilions, inl(»i* 
]m»t('d the rosulls from sizo-inheritaneo studios as showing that tin* 
ofTools of tho gonos difforontiating th(‘ quantitativo oharactoi*s ar(‘ 
gc»oiiiotrifuUy cumulativo. Powoi*s {36, 37), l)y iln* uso of niarkor 
gonos, found that tho naturo of tho intoraotions botwoon tlio gonos 
carried in dilforont regions of tho chi*omosomo and tho naturo of tho 
interactions botwoon the factors roprosontod by gonorations and those* 
carried in the* (iifforont regions of tho chromosoino W(*r(' such tliat the* 
olfocts of those gonos wore goomotrically cumulativo. Tho inve'stiga- 
tions of Houghtaling (W) and of Mae*Arthur anel Butler (33) show 
that size of fruit in tho tomato is de*pe*nelont upe)n at le'ast thre»o stage*s 
e)f ele*ve‘le)pme*nt: Ijocule* pattern foniiation, incroaso in ce*ll number, 
and e'e'll e*x])ansioTi. Since* the*so stage*s e>f de*ve*le>pme»nt occur in the* 
se*(iue'noo give*n, one might e»xj>(‘ct tho e'lTe*ct8 e>f tlie* ge*ne*s te) bo ge'e)- 
me*trically cumulative. Powoi*s (3?) founel that such w'as tho case*. 
He* torme*el this an intomtagic typo e)f interaction of tho ge*ne*s. Ilis 
\\e)rk she)we*el also that tho intrastagic tyj)o of inte*ractie)n e)f the* ge*ne*s 
pe*rtaining to number e)f locule*s was such that tho offe*cts of the ge*ne*s 
we*ro ge*oine*trically cumulative*. 

EXPERIMENTAL CONSIDERATIONS 

The* e*xporime*ntal e*onside*rations in de'signing an e»xpe*rim(*nt are 
de»])e*nde*nt to a groat e*xtont eni tho objective's eif the* inve*stigatie)ns. 
The* e)bje*ctive* of the pre'sonl stuely was to e)l>tam me)ro information 
oe)ne*e*rning tho ge*notie* phe*nome*na of he*te*re>sis and dominane*o anel 
e*once*rning tin* nature* of the* interactions of the* ge*ne*s ditlore'ntiating 
the* quantitative e*haractt'rs. 

Yiolel being a ve*ry importajit e*e*e)nomie* e*e)nside*ratie)n in temiato pro- 
du(*tiem, the* fe)llo^\ingcharae*te*rsaire*ctingyie*ld we*re* se*le*e*te»el fe)r study: 
\V(*ighl pi'i* fruit, nuinbe*r of le>cule*s per fruit, number of fruits per 
e*ontiine*te*r of brane'h, height of plant, anel spre*ael e>f plant. It is 
ap])are*nt that weight e)f fruit anel nuinbi*r e)f loe*ule*s have* e'e'onemiie* 
importance e)the'r than through tho influe*nco tlie*y have* upon vie*ld. 
In obtaining W'oight eif fruit elata, 5 fruits pe*r plant we*re* we*ighe*d ajid 
ave*rage*el in 19SS and 10 fruits per plant in 1989. Tin* weights we*ro 
e*xpre*sse*el in grams. As for numbe'r e)f le)e*ule*s the* (*ounts wore* base'd 
em 2 fruits per plant in I98S and e»n fruits ])e*r plant in 1989. Te) 
eh*te*rmine* numbe*r e)! fruits pe*r e*e*ntime»te*r of brunch, erne* re*pre'si*nta- 
tive* main brane'h e)f e*ach plant was nn*asure*d fe)r le*ngth anel tho fruits 
em that branch W'ore* counte*el; tln*n tho nuinbe*r e)f fruits was eli\iele*ei 
by tho le*ngth of the* branch e'xpre*sse'd in ce*ntimotors. In measuring 
h(*ight e)f plant and s])re*ad e)f plant, care was take*ii to obtain nn*asure*- 
nie*nts re*pre*sonlativo e)f tho plant anel to avmiel e*xtre*inos. lle*ight is 
tho elistane'o freim the* grounel loved at the* base of the* plant to tin* top, 
anel spre'ad e)f the* plant is the* eliame'te'i* me*asure*el thremgh tho main 
ste*m as the* ce*nte*r. Both of the*so moasure*nn*nts are e'X])re*sse'd in 
contmiote'rs. 

From goin'tic considoratieins anel sine’e* the* e>bje*ctivo of the* inve*sti- 
gntions was to obtain ineiro information e'one*e*rning the* phc*nome*na of 
hote're)sis and dominance anel tho naturo e)f tho interactie)iis e)f tho 
gone*s diffeuvntiating the*se* e*harae*te*rs, it is appaivnt that tho pure*nts, 
tho Fi ge*noratie)n, tho F.* gone'ratiem, anel the* backcre)sse»s te) the* re*spe'c- 
tivo paivnts sln)uld bo incliide'd in tho tt*sts. All e)f this iiiate*rial w'as 
grown in a ranele)inizod-ble)e'k e»\pe*rime*nl, the*ro be*ing a total e)f 20 
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blocks in each of the years 1938 and 1939. In 1938, two plots per 
block of each segregating generation were grown to one plot per block 
of the parents and Fi generation. In 1939 only on(‘ plot of eacJi was 
grown por block. The parents and generations were randomized 
within blocks, the randomization being the same for greenhouse 
propagation and field planting within any specified year. All opera¬ 
tions such as transplanting were performed on the basis of blocks. 
H(»nc(‘, since randomization was within blocks, any differences due to 
operations would not be confounded with the differences, such as those 
betw<‘en generations, between parents, and between ])areiits and 
gen(Tations, which the experiment was designed to study. 

The parental material comprised the varieties Bonnv Best, Danmark, 
and J()hannisfeuerof A7/ce^frAf?>o?i eticulcntum AlilLand thcRed Currant 
variety of L. pinipitidlijolivm (Jusl.) Mill. The crosses Johannis- 
feiier X Danmark and Danmark X Red Currant were grown in 1938, 
and the crosses »rohanniafeuer X Red Currant, Johannisfeuer X 
Bonny Best, and Johauuisfeuer X Danmark were grown in 1939, 
JohannisfcMjer X Danmark bebig grown during both years of the 
study. The purpose of tlie experimental design was to place the great¬ 
est emphasis on variety of plant material without entirely neglecting 
environmental influence's as represented by years. The' iinniediately 
foregoing discussion may be summarized as follows: Data for 5 
quantitative characters were taken from somewhat more than 12,000 
plants. The 12,000 plants represented 4 different crosses and were 
grown in a randomized block experiment composed of 20 blocks. 

The methods employed in reducing the data were essentially the 
same as those given by Powers (.%*, S7) with th(' ('XC('ption of sojih* 
minor changes, desirable because of the nature of the ex])(*riin(*nl. 
Only these (*hanges need be mentioned here. Since the inleic'st in 
this' study lies primarily in comparisons Ix'tweeii average's of parents 
and ge'iierations, the j)lot instead of the ])lant was used as the unit for 
reducing the data. Then, for each pare'ut and geiu'ration the standard 
errors were estimate'd for withhi crosses and for within generations 
and parents on the basis of the averages of plots, these average's being 
derive'd from the ijielivielual plant data fen* the* re'spe'ctive ])le)ts. In all 
table's the stanelarel e*rrors of the* me»ans are gi\ en. Dilfere'Jice's having 
P value's h'ss than O.Oo we*re conside're'el as statistically signifie-aiit. 
The symbol Bi, which appe'urs both in the table's and' in the* te'Xl, 
signilie's that the pre)geny indicale'el resulteel from backe*re)ssing the 
F] te) the ele'signate'el parent. 

The eletails of the experime'ntal design are* given in ane)ther pape*r 
{38) elealing with stage's of ele've*le)piiie'nt anel nex'd not be re*p(*ate'el 
he're. 

HETEROSIS AND DOMINANCE 

THEOKETle'-AL CONSIDERATIONS 

AVhe'ii interpreting anel evaluating the data, it is of ele'cide'el be'iie'fit 
te) have' in mind the the'oretically expe'cte'el behavior of the ge'neration 
means. First, the Fi mean will be compared with the* pare'iital means 
to obtain information as to whetlu'r hetere)sis, complete de)minance', 
partial elominaiu'e, e)r no dominance exists. With this infemnatiem 
available, it is possible to preelict W'here the me'ans of the backcreisse'd 
g('ne'ratie)ns luid the mean e)f the F 2 ge'neration should fall in r('S])e'ct 
to the* nu'an of tlm Fi anel the two parental me'ans. If the Fi ge'iu'ra- 
tion sheiws he*te'rosis, at Ic'ast e>n<» of the bae'kcreiss ge*neratie)ns should 
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show heterosis also. Tliis should be the biiekeross to the i)an»iit 
more closely approaching; the Fi. The other backcross mny or may 
not siiow heterosis, depending upon the disparity beiw(*en the means 
of the parents. The rru^aii of the Fo should fall b(»tween the means of 
the backcross generations an<l would not be a veiy close approxima¬ 
tion of the mean of the Fi. On the other haml, if tluTe w(M(' no 
heterosis but inst(uid some type of dominance or no dominance, 
theoretically the following behavior would be expe(*ted: The mean of 
either backcross generation should fall Ixdwcu'ii the mean of the* F, 
and the' me^aii of the parent to wliicli the backcross W’as made; and 
the iiH'an of the F 2 shouhl fall between the mean of the backcross 
g(»nerations, and it should approach more* closely the mean of the F| 
as the degree of dominance became h‘ss. Ifence, w'ith no dominances 
the* Fj mean should be a veiy close approximation e)f the Fi me*an. 

ith tlu'se theore'tical i)re»dictions in mind w^e* are in a bette*r ])e)sition 
to interpr(*t anel evaluate the elata. 

KXPERIMPJNTAL DATA 

The e*xpe*rime*ntal results will be discusse‘el unde»r ti\e* he*aelings: 
(1) We'ight e)f fruits, (2) number of locul(*s pe*r fruit, (8) numbe*r e)f 
fruits |)er e*entiinete*r eif branch, (4) plant height, and (o) plant spivad. 

W'ekuii of Fkuiis 

The* means for weights of the ineli\ielual fruits (*\|)re*sse*(l in grams 
are giveui in table 1. Fen* the cross Danmark X Mediannisfe*ue*r, in 
be)lh HI8S and JtKlO, the* ine*an of the Fj ge*ne»ratie)n falls l)etw'e*i*n the 
nie'ans eif the tw'o ])arents but is e*le)ser te) the nie*an e)f the* smalleT 
fruite*el pare*nt, dediannisfeue'r. The difre*re*ne*e bedweH»n the.' tw'o 
diti‘e*rence*s ime)h e»el in this latter ce)mi)arise)n is statislie*ally signifie*ant 
lor but is imt s(atistie*ally significant lor 191^9. IIowt\ c*r, sine*c 
the*se‘ difre're'nc(*s tor be)th ve*ars are in the same* dire*clie)n, one e*an 
safe*ly e'emclude that small size* e>f fruit is ])artially elomijiant. The 
re*inaining elata fe)r this e*re)ss for 193S, asiele from the fact that the 
means of the backeueiss ge*ne*ralions and the me»an e»f the Fj fall be*- 
lW(*e*n the me*ans of the twe) pare*nts, are not suilicie*ntly cemsisteiil te) 
alle)W' any conclusion te) be elrawn e*ither fe)r or against the suppeisiliein 
that small size* eif fruit is partially elominant. The elata for the e*re)ss 
Danmark X fle»hannisfeu(*r ce)llecte*el in J9.‘<9 anel the data for tlie 
othe*r crosse's may be* eliscusse*el teigetlier. In everv case the me*an of 
the* Fi lies i*loscr te) the mean e)f the smaller fruit(*d |)are*nt. 

For the* emsse's Danmark ^ Re'el (Hirrant anel Jediannisfeuer < Tle'el 
('urrant the diHer(»ne*e»s involv<»d in the comparisons are statistically 
significant, wheivas the diflerc'iice's involve'el in the* ce)nij)arisons for 
the* crosse*s Danmark < Johannisfeuc'r anel Je>hannisfeue*r X Tionny 
Be*st do ne)L ivach statistical significance. In these crosse»s small size) 
of fruit se*(»ms to be partially elominant. If such is the case, the fol¬ 
lowing should be* true: The me*aii of the l)ackcre)ss to the larger Iruite'd 
j)arent should fall between the mean of the Fi anel the ine»an of tJu) 
larger fruited par(*nt; the me'an of the backcross te) the* smaller fruite»el 
parent sliould fall betweeui the* mean of the F| and the me'un of the 
smaller fruited parent; and the me*an of the Fj should fall be*twe*en 
the means of the twe) backcre)ss generations. The e*xperimental data 
for Danmark X Johannisfeiier in 1989 anel feir the* oth(*r thre*e* crosses 
are in gene'ral agre('me*nt wuHj the the*ore*tical e*xpt*ctation. He»nco, 
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from theso data it may bo eoncludod that small size of fruit is partially 
dominant for the tomato crosses involved 

Table 1 -Means for u^eight of individual Jrmth 
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The means for number of loeules pei fiuil aie listed in table 2 
The data foi the Danmark X Johaniusleuei and the Johannisfeiiei ^ 
Bonny Best ei-osses ait' very sirailai and h(‘n(e mav liediseusst^d to- 
g(‘th(M* Ill no ease is the Fi mean si^nifieant!^ diffeient from the mean 
ol the f(»wer loeulod patent It ^ould seem that small numbei ol 
loeules IS completely dominant This (onelusion is substantuded 
by the means of the baekeross to the lewei loeuled paient In lact, 
for 1989 the mean of the Imekei’oss to the le^^ er lo( uh‘d paient in both ol 
these ei-osses is smaller than the mean ol the fe\\ei loruled paient 
The means of the baekerosses to the many-loeuled pan^nt in all rases 
fall between the mean of the Fi and the mean of lli(‘ manv-loeuh^d 
parent The means ol the F 2 in all cases bill betwc'en the means of 
the baekerosses, and approximate but are some\\hat 11:1 eatei than the 
means of the Fj The eonsisteney ol the data both loi years and loi 
emsses leads the wiMler to put eonsideiuble eonlid(»nei‘ in the eondu- 
sion that small numbei of loeules is eomplel(»Jv dominant m tlie r losst s 
Danmark X Joh.uinisfeuer and JohaimisfeiKM- ^ Bonny Best 
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Likewise, the data for Uk' crosses Danmark X Red Currant and 
Jobannisfeuer X Rod Currant are \eiw simdai and tlieieloie may be 
discussed together. Th(» F, means lie between the means of the 
respective parents, but in both cases materially closer to the m(»an 
of the few(*r loculed paieiit It would appeal that small numbei 
of lociiles is partially dominant The means of tlie backcrosses to 
the parents having smallei number of locules he betwe<‘n the F, mi^ans 
and the means of the* parents having smaller number of locules 
The means of the othcT backcrosses lie between the Fi means and the 
means of the patents having a greatei numbei of locules Themc‘ans 
of the F 2 fall lietween the means of the backcioss geneiations and 
appioach the Fi means latlier closely but aie somewhat huger The 
data foi Danmaik V Red (^uriant and Johannisfeiiei < Red Curiaiit 
aie in agieeimsit with the conclusion that small niimlx^i of locules 
IS paitially dominant Again the consistency of the data allows om 
to ha\e consideiable confidence in the validity of this dcxiuction 

Nl MH 1 «H 01 I III IIS 1*LH ( » VllMblElt ()!• UkWI H 

The means Joi numbei ol fiuits pi»i centimetei of bianch aie given 
111 table 3 Fust, (onsidei the cioss Danmaik ^ Johannisfeiiei, 
The mean ol th(‘ Fi loi MMS falls bid ween the mi^aiis of the patents, 
indicating paitial doniitiaiice ol fewei liuits pei centimetei of bpinch 
Th(' m<‘ans ol the backciosses and the mean of the F^ suppoit this 
conclusion Foi this same cioss m lOJd the mean ol the Fi and the 
mean of the backcioss to Johannisfeiiei aie not significantly dilleieiit 
lioni till* mean ol Joliannisleiu'i the patent having smaller numbei of 
flints This would indicate complete dominance of small numbei 
of flints pel centimetei ol blanch The mean of the and the mean 
of the backcioss to the patent having a gieatei numbei ol hints ])<»i 
((Sitnmdei of bianch aie in agKTmeiit with this conclusion 

Foi th(‘(loss Johannishuiei Bonnv Best the difldcnce between 
till' means ol tin* jiaieiits is not vei,v gieat The fact that the means 
oi all tin h\binl gnieiations, incdudiiig the F'l fall b(*tween the means 
ol the two paM*nts is lathei (oinlusive evidence that doininaiue is 
paitial. 
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(Wwideriiig th(» Fi for the cross Danmark X Red Currant, the 
following facts regarding number of fruits per centimeter of branch 
become apparent. The mean of the Fi is smaller than the mean of 
either parent; the mean of the backcross to Dnmnark falls between the 
mean of the F, and tlie mean of Danmark; and the mean of the F 2 
and the mean of the backcross to Red (^urrant fall between the mean 
of the Fi and the mean of the Red Currant parent. These facts are 
typical! of heterosis. That this is an expression of heterosis is apparent 
from a consideration of the length of internode as <letermined by the 
distance between leaf axils in the Fi as coin])ared with the same 
character in the ijarents. The distance between leaf axils was con¬ 
siderably greater in the Fi than was the distance between leaf axils 
in either parent. Tliis fact is reflected in the s])read and height data, 
whicli will be given later. The greater length of the iiiternodes of the 
Fi would result in a greater number of centimeters per cluster aiul 
would be expected to residt in fewer fruits per centiinetei of branch 
length. Accordingly, the heterosis noted is probably due to the 
vegetative vigor of the plants. 

For the cross Johannisfeuer > Red (’’urrant, the Fj mean falls 
between the means of the two j)arents; the mean of the backcross to 
the flohannisfeuer parent falls betw’ecn the means of the Fi and of the 
Joliannisfeiier parent; and the mean of the backcross to the Red 
Currant parent an<l the Fj mean fall between the means of the Fi and 
of the Red (\in‘ant parent. Hence, fewer fruits ])or centimeter of 
branch length is partially dominant. 

These data clearly demonstrate that heterosis and <loininance, 
insofar as iniieritance of the character number of fruits per centimeter 
of branch is concerned, are <lepeiutent upon both the cross and the 
environmental conditions as represented by years. 

pL^sr 1{£iC4iir 

The means for ])lant height, expressed in centimet(‘rs, arc listed 
in table 4. The crosses Danmark ^ dohannisfeuer, DaTimark < Red 
Currant, and Johannisfeuer Red (\irranl may be discussed together. 
In these cases the means of the Fj exceed the means of all other hybrid 
generations and the means of the parents. Moreoxer, in all of these 
crosses the means of the backcross generations fall between their 
respective Fi means and those of the parents to which they were 
backcrossed. In all these crosses the means of the Fj generations 
fall between the means of their resjiective backcross generations. One 
other fact concerning the data should be noted. With the excejition 
of the B] to Danmark meaii in 1939 (for the cross Danmark X Johan¬ 
nisfeuer) all of the hybrid generation means exeeed the means of their 
respective parents. From these data it may be conchuled that all of 
these crosses show heterosis for plant height. 

For the cross Johannisfeuer < Bonny Best, the Fi mean falls be¬ 
tween the means of the two parents, but slightly closer to the mean of 
the taller parent. The difference involving twro differences (Fi — 
Johannisfeuer) —(Boiuiy Best—F|), in this comparison is not statisti¬ 
cally significant. For the cross Johannisfeuer X Bonny Best, i)lant 
height approaches intermediacy or no dominance. The magnitudes 
of the means for the other hybrid generations are in accord with these 
conclusions. 
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know whother the effects of the genes are arithmetically or geometri¬ 
cally (cumulative. The formulas used in obtaining the th(M)retical 
means are the same as those described by Powern and Lyon (JS8) and 
need not be n^peated here. As previously pointed out (88), the method 
employing theese formulas is not always discrimiuativ(‘. This was 
found to be true in the case of many of the data eollect('d in this study. 
In fact, the method was found t<> be discriminative for only pai t of tfie 
data on weight of individual fruits and for ojily part of those on num¬ 
ber of loculc's. 

EXPERIMENTAL DATA 
Wbhjht of Fruits 

Th(‘ obtained and tlu'oretical means for weight of individual fruits 
are given in table 6. Veiy little if any information can be obtained 
concerning th(» nature of the interactions of the gcuies for the crossc's 
Danmark X Johanmsfeuer and «Tohttimisfeu(‘r X Bonny Bc'st, because 
the two seta of theoivtieal means are very nearly e(|ual. IJovever, 
such is not the case with the crosses Danmark / Red Currant and 
doliannisfeuer X Red Currant. There are only veiy small diff('r(‘nc(»s 

Table 6 . -Obtaimd and thtoreiical nuans foj wiight of individual Jiuiit, 
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betW(‘eu the obtained inc'ans and the thf'oretical means calculated on 
the assumption that the effects of the gcau's differentiating wc'ighl of 
frait are geometrically cumulative. It is rather ai)parent that the 
fit is very poor between tins obtained Imrans and those calculntcd on 
the assumption that the effects of the geiK's differentiating weight of 
fruit are arithmetically cumulative. Kv<‘n though the fit is fairly 
good between the obtaiiu'd means and the theoretical m('ans bas(‘d on 




4 ug 1 .1841 Inhetitance in Cnmen oj Two Sptcien oj Lycojnmeon 163 

the geomctncnlly cuimilativo hypothesis, it sliould be noted that in 
both c«)sse8 these theoretical means are consistently larger thim the 
obtainetl means. It is cpiitc evident that these differences cannot bo 
attributed to the eirors ol ramiom sampling. One cannot ilraw the 
conclusion from these data that the eff(*cts of the genes differentiatiiig 
weight of fruit are strictly geometrically cumulative Some un^iown 
quantity is exerting an influence. 

XUMHEIl or Lo( ULES PER FKUII 

TJio obtiiiiiocl aTul tlK^on^licul iikmiiis for luinibor of lorulrs are given 
in table 7. Again for the crosses Danmark X Johannisfeuer ainl 
Joliannisf(Mi(‘r ^ Bonny Best, a com])arison bet^eisi obtained and 
tlieoretical means is of little \alue in det(S‘mining the natun* of the 
interactions of tbe genes as didermined by nnaisiirements of end 
products. Again tbe difficulty lies in the nondiscriminative nature of 
tbe method emjiloyed. Himevis*, such is not tin' case with the crosses 
Danmark X Bed Currant and JobannisfeucT ^ Ked Currant. The 

Tmile 7 Ohtanifd and ihiontical tatans foi namhti of locuhb 
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lit betA\een the obtained means aiul those calculated on the assumption 
that the efTt^cts of the g(‘nes are arithmetically cumulative is not good 
The fit b(‘tw(‘en tin* obtained means and the means calculated on Uie 
assumption that the (dfects of the genes are geonudrically cuinulativi* 
is considerably closer. But again the calculated means for both 
crosses are considerably larger than the obtained means; aiul again it 
is apparent that some unknown quantity or quantities are influencing 


* Muiii lodilis pir liiiil 

I '^1 lioon (k il 

I ohtniiid 




1 ( 111)1111 Iru 

1 Viithimtu 

1 

\ tf mh( t 

\Hmtur 

1 Ni/mVr 


'i H) 661 

') 487 

*> 1KK=L0 0'>2 

h vr,± 

IlS 

() 2Vt 

() KMIJl 

O')! 

T 'KMIJ. 

IIM) 

7 Ohl 

' 7 *U+ 

Ofifi 

■» WISH 

m? 

6 117 

0 1I7± 

O'iS 

fi S2«)-| 

I'll) 

(i 721 

(i S2Si 

OiK 

7 *1H 

Hf) 

1 7 *01 

7 noj_ 

.OOS 

n 1^.2 f 

(177 

() *2* 1 

1 0 *2l_l 

00“) 

1) 7SH- 

2I»S 

() 014 

7 001 i 

OW) 

7 0*H 

ir«2 

7 ')')0 1 

1 

1 7 070 \ 

[ 

O?*) 

J 211''+ 

«!'■ 

2 216 , 

2 22*-L 

Oil 

2 'iTIl-d- 

022 

2 S2I 

> Of u 

Oil 

* I7*i 

0*7 

* Ws j 

* 'IfM) 1 

02fi 

2 IS* i 

1 

01 fi 

1 

2 2()l 

2 ’70+ 

01* 

2 KShi 

07S 

* 2S4 1 

1 0211 

020 

1 *')(.+ 

110 ' 

1 707 

'i 77* 1 

o***. 



164 Jovrnal of Agricultural Hesearch voI.c»3.ni> h 


the* results. From these data we eiinuot safelv eonelude that the 
efleets of the g«‘no8 are strictly geometrieally cumulative. By the us(' 
of marker genes Bowel’s (S6*, 37) has sliown that iii the Lycopertticon 
material studied the results were those expected on the theory that the 
effects of the interactions of the genes inliuencing both weight of 
fruit and number of locules are geometricjilly cumulative. 

DISCUSSION AND CONCLUSIONS 

HETEROSIS ANT) DOMINANCE 

Plant-Bkeedino Methods Utilizing Hetekosis and Dominance 

B(‘fore taking up the relation that the foregoing data have to a 
tomato-breeding jirogram, it may be well to consider some of tlu’ 
plant-breeding methods that have been develonc'd to utilize* heterosis 
nini dominance. These methods include the following: (1) Inbreeding, 
followed by hybridization; (2) proeluction of Fi hybrids, thnr-way 
hybrids, double hybrids, advanced-generation hybrids, and inbr(*d 
liiie X variety hybrids; (3) pi’oduction of synthetic varieli<*s; (4) 
predicting yields of hybrids from inhr(*d lines; (o) iinproveni(*nl of 
inbred lines. 

Shull (43, iS, 44y East (6*, 7, S), Jones (^3, 2f), and Phist and 
llaye'S (1J) (lid the* early work leaeiing to the modern methods of 
breeding crops in which the utilization of heterosis is a primary con¬ 
sideration. They demonstrated the advantages of inbreeding folhmed 
by hybridization. Hence, the production of inbred lines and tin* 
determination of the combining ability (ability to produce high- 
yielding hybrids) of these inbred lines became a standarci procedure for 
corn breeders. 

Problems conc«»rning tin* most efficient means of utilizing these 
inbred lines soon arose. Shull (43) was the first to sugg(‘st growing the 
Fi generation between two inbred lines of corn to produce the comnn»r- 
cial crop. However, the poor yield and quality of seed produc(*d b\ 
inbred lines of corn are obstacles to the use of Fi hybrids. To ov**r- 
coim* these* difficulties Jones (3i) proposed the use of double* cre)i-se*s. 
Se>on afte'r this, thre»e'-way e*re>sse's came inte) use. Jeme's’ iele'a waste) 
creiss two Ki gene'rations eif eliffe*re*nt inbre*d parentage and te> use 
se»e'el thus pre)eluce*d fe)r planting the comine*rcial cro]). This method 
has prove*el ve»ry prae*lical and is now in ge»n(*ral use throiigheiut the 
llnite*el State*s. In 1930 Kie*sse*lbach (3()) published n*sults showing 
that yie»lds from advanced-generation hybriels were* e*eiual te) those fremi 
the eu’iginal double* cre).ss. As the* name impli(*s, this inetliod involve*s 
crosse's betw’e*e*n generations subse'que'ut to the* Fj. For <*xain])le, tin* 
two h\ geme'rations obtaine*d from the Fi g(*ne*ratie>ns making up tin* 
original double* cre)ss weiidd be hybridize*el to ])re>eiucc* an aelvane(*d- 
ge*neratie)n elouble creiss. The use of inbre*d line* X variety hybrids 
for the* proeluction e)f the ce>mine*rcial ero]) w’as first sugge'st(*d by 
Lindstrom (30). This method involve*s crossing an inbre*el line* anel 
a varie*tv, anel in some case's satisfacteiry yie*lds have* bee'ii oblaine*el. 

All of the fore'going me*thods deve'lope*d to utilize* heterosis in cemi 
production have a cemimon disaelvantage*, name'ly, that the farme'r 
cannot save seed for the proeluction of next ye'ar’s croj) from the* 
current crop. To ove'rcome this difficulty Haye*s anel Garber (10) 
suggeste'el using inbred linos to produce synthetic varieties. wSo far no 
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outstanding syntlu'lic Vari(‘tic‘s have hccMi produced. It sooins that 
synthetic varieties offer promise, ainl ln»nee the ])roduetion of such 
vari<*ti(‘s merits mon' consideration than it has recei\ed in the past. 
This fact is em])hasiz(Hl by the findings of Wright (4!)), Neal {S/}), and 
Kiesselhach {2f)). Wright (4^) has shown that “a raadoin-hr(*d stock 
derived from n inin-ed families will have l///lh less superiority over its 
inhn'd anc(‘stry than the first cross or a random-bred stock from which 
lh(‘ inbred families might have been derived without selection.” 
Neal (d5) found that for 10 single hybrids, 4 three-way hybrids, and 
10 double hybrids the agreement was veiy good 1x4ween the obtaimxl 
and 1hc»oretical means (calculated by the use of Wright’s formula). 
Kiesselhach (27), in n^ported the results of tests made over a 

jx'riod of years to determine the comparative amounts of yield reduc¬ 
tion ill the second generation of various kinds of crosses, imduding 
single, double, H-Une, and lO-line hybrids. He reached the following 
conclusions: 

'Dm* <li*cri*as<» in yield of an\ lt\l»ri(l in the Kciicrution is to half lh(‘ 

difrtM'ence in > icid IxdwccMi i|s F, and (heiiH^aii vicldof th(‘o|>(Mi po]Iin:il(>d panMits. 
This will also appl\ to an\ advanc<‘d generation in the al>senc*(* ol wdeetion. This 
n‘dneed \iehl is due to a reduction in the niiiulxTof fa\oral)I(‘ growth factors as a 
conse<|uence of close hnxxlin^. In any orthodox hybrid in which the two parents 
an* reRularlv built up from etpial numb<‘rs of liiu\s this reduction tends to be 
m\erse|\ proportional to tlie number of lines involved. 

Thus Wrighi working with animals, and Kiesselhach U?), 

working with plants, dnwv similar conclusions. From these inv(‘sti- 
gations it seems rather safe* to conclude that tin* amount of decrease 
in yield of grain in Zea maffs accompanying inbrc»eding may be pre¬ 
dicted by Wright’s ijf)) formula, and thert'forc* it should lx* possible 
to prtxiuce a high-yielding synthetic varitdy, providc'd a suffici(*nt 
number of itdired lim*s having high combining ability are availabh*. 

One of the biggi'st |)roblenis of the corn briMshu* is ascertaining th(^ 
<*oml)ining ability of inbred lines when used in singles three-way, and 
double <‘rosses. Th(‘ obvious metlxxl is to make* the possible crosses 
between theinbreel line's and theai te*st the*sc creisse's feir yiedeling ability. 
Where large* numlx‘rs eif iubivd line's are* available, this ine'thod is 
almost ])rohibitive' eiwing te) the* huge* ameiunt e)f labe)r, time, anel lanel 
re'ejuire'el feir te'sting. There'feire, me'thexls materially ivelucing tlu'se* 
n'eiuire'ineiits an* ne*e*eli'el. Je*nkins anel Brunsein (22) pointe*el out that, 
feir prexlueung deiuble* crosse'S, multiple cnisses, or synthetic varie*lie*s, 
the* me)st valuable line's are* theise that eross wee'll with a large* nuinlx'i* 
of inbre'el line's, i. e., theise* that prexluce, ein the' ave'rage*, the lx*st 
hybriels wdie'n te*ste*el with a rather wiele range eif germ plasm. de*nkins 
anel Brunson (22) also repeirte'el the re*sidls eif stuelie*.s tei de‘te*rmine' 
whethe'r this wiele* range* eif ge'rm plasm might neit be supplieel by 
e*re)ssing with a niixe'e! e'eille'ediein eif varietie's, or peissibly by e*ros>ing 
with an inelivielual variety. Freim the'se* stuelie's the'y e*e)ne*luele‘el that 
e*re)sse*s wdth ope'n-pollinate*d varie*ti<'S may be* iise'el e*lfie*ie'ntly in the* 
))re'liminary te*sting eif ne'W' line's. Folleiwing u|) this w’ork, de'iikips ( 3J) 
feiunel that the infeirmatiein eibtaine*el freiin e'eimpariseins eif inbre'el-line 
variety e*reisse's may be utilize*el to aelvantage in e'stimating the pe*r- 
formance of double* crosse's ameing lhe*.se line's. Je*nkins {2/) alsei gave* 
a nie'thexl eif e'stimating the yie*lels of deiuble crosse's, base*el on ge'iietic 
ceinsiele'rations. He peiinti'd out that 

Til any double* cross the* rcik's of t*Hcli of the four ])ar(*iital lines an* uniled only 
v\ il li alk'lomorph.s of llu* two line's w'hich cute red the double* creiss from the opposite 
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naront. In the (loiibli* cross W'A'X VZ, Ihcn^forc, it would seem lhaf the crohsos 
WYy WZf XY, and XZ heft(T n*pri»sent the hybrid eoiiihiiiatioiis actually occiir- 
rintr than d<j all six of the possible combinations amoiiK these lines. 

Followiiii? this aii^geslioii, Doxtator and Johnson (J) domonslraU'd 
that hifrhly si^niKcanl difforencos in yielding ability can bo found 
in doubl(‘ croaa(»a resulting from the use of sinp:lo-cross paroiiis 
produc(*d from four iiibrod linos, and that by the appropriate use of 
single-cross data the highest yielding double-cross combination may 
bo predict(‘d. Ih'noe, it would seem that the methods develojX'd by 
Jenkins (lil) would greatly exi)odite testing the combining ability of 
inim'd lines. 

From the fon^going discussions, it is apparent that tlu* improveiiKUit 
of inbred liiu's, partiridarly as to yielding ability and (piality of se(‘d, 
w'ould aid materially in solving many of the corn-biv(‘ding j)robl('ms. 
Convergent iiiiprov(‘inent was developed by Kieh(\v (HD) as a imdhod 
of inenmsiTig the yiedding ability of inl)red liiu's and at the sanu' tiim' 
maintaining their combining ahility witli e(U‘tain other inbnxl linens. 
The pi*oe(‘duro for this iiudhod was as follows: Two inlmxl lini‘s that 
combined (»xcoptionally w'cdl were ci’ossed to produc(' an Fi gcuieration; 
then the g(Ui(‘ration was backcrossed to (»ach inbivd line; sehadion 
for vigor and charactei-s of the nonrecurring panuit was j)ractic(al in 
thes(» two s(u*ic‘s of backcross(‘s; these sidt'ctions of any one seric^s were 
again backcrossed to the inbrcKl lino occurring in that seri(‘s, and again, 
from the progcuiy, individuals possessing vigor and other desirable 
charactiu's of the iionn»curring panuit were selectial. This proetalun* 
wdth the tw'o st'ries of backcrosses was continiUMl until tiu' yields of 
the crosses belw(»en the s<‘l(*cted liiu's and tin* nonn'curring parcuit 
equaled or exce(»<I(»d the yields of tlu* Figeiu*ration obtaiiu'd fi-oin cross¬ 
ing the original inbivd lines. Richey and Spragiu* ('^0) found that 
thive or four backcrossings w(*re su(fici(*nt to produci* hybrids whos(» 
yi(»lils w(»re approximately (*qual to tlu»yi(*lds of the Fi crosses belwwn 
the foundation inbivd lines. Moreover, in these backcross(*(l genera¬ 
tions tlu*re was indicat(*d a p(*rmanent improvement of IJ to lo percent 
over the n'curring T)ar(»nt after allowing for difrer(*n(*(*s in tlu* d(*gr(*e 
of inbn*eding. Then, as Richey and Sprague (^0) p(unt(*(l out, 
inasmuch us tliis e\ci»ss |}resumably is due to the r(*l(*ntion of additional 
dominant g(*ncs from the nonreeuiTing parent, as a ivsult of sel(*ction 
among the prog(*ny n'sulting fi-om back-|)ollinating, tlu* r(*cov(*red 
line's an* heteiwygous for these* g(»iu*s ajul lu'iice must be inbred to 
j)ut at least some of these* gene*s in the* homozygous (*onditie)n. After 
this has be'e*n acconiplishe*d the bre*e*ele*r is in a |)e)sition to start a se*e*ond 
cycle* of convergent improve*nu*nt. In summarizing the* results fnmi 
tlu'ir te'sts with e*e)rn, Riche*y and Sjmigue* (iO) elri'w the* feJlowing 
conclusiems: In aelelition to the* lai’ge'r yields e)f the re'ce>vere*ei line's, 
impmvement has be*e'n achieve'd in ability to re*sist leulging anel in tlu* 
amount of polIe*n shed; ye'llow e*nde)spe*rjn has be*en substitute*ej for 
w'hite and cle*ar perie*arp for re*el, all without e*hanging significantly 
the* behavien* of the line's in cwsse'siconverge'ntimprove'ment, sugge*ste*d 
originally fixmi tht*e)re*ticiil considerations as a means of im])roving 
solfe'el linos e>f ce)rn without inte*rfering with their behavior in liybriel 
e'onibination, so far has be*e*n found succe'ssful; the re*sults suggest that 
this nu'thod also may proviele a means by which the* yielels of Fj 
crosse's belwe*e'n selfi'd line's can be* raise'd lo an e*ve»n Viiglu'r l(*ve*l. 
From the results obtained by Richey and Sprague, it seems safe to 
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oohcIikIo that convergent iinproveineiit is a practical method of im¬ 
proving yielding ability ancl other desirable cliaraeters of inbred 
lines. 

Appli(‘ation op Heterosis and Dcimin^-Nce to 'J'omato Hueedinc; 

111 a tomato-breeding ])rogram it is apparent that tlie standard 
methods of breeding self-fertilized crops can and shonld be used. 
However, it is not so apparent that the methods d<‘V(»loped for the 
iiujirovement of cross-fertilized crops can b(‘ used advantageoiislv 
in a tomato-breeding program. Information conc(u*ning heterosis 
and dominant' of tlii' more important economic charactt'rs of tomatoes 
is essential to the solution of this pi*oblem. The data report.(‘d in 
this ])aper give some of this information. 

SiiiafI sizi» of fruit, as detiu-inined by weight, was found to he partially 
dominant. Nearly the same situation exists in regard to number of 
locules, small numlx'r of locules being either completely or partially 
<lominant. Partial dominance or lieterosis was exhibited for smaller 
numb(»r of fruits pci centimet(»r of branch. Fmm these ri'sults it 
would seem that the tomato breeder cannot utilize heterosis to inen^ase 
sizi» of fruit, numb(‘r of locuh^s, or numixu* of fruits pi'r centimetcT of 
branch. However, if smaller fniits or fniits w'itli a smaller number 
of locules are (h'sired, these can be obtained in hybrids by (*rossing 
with vari(»ties or strains possessing these characters. Hetc'rosis for 
inenaised height and spnaul of plant w^as olitained. Also, it w'ill be 
remembered (fiS) (hat some of the eross(»s discussed in this papiT 
e\hibit('d decided h(»terosis for <‘arliness of maturity. This w'as par¬ 
ticularly tru(‘ for thosi* crossiss having Ked ('’urrant as on<' of tlie 
panuits. In regard to tin* eharaclei-s studied, it may be concludcxl 
that th(‘ great(»st Ixuiefits du<* to luderosis will com(‘ from increased 
|)lant siz<» an<l increased earliiu'ss. Soinc^ of the increase in plant size 
should n‘sult in increasixl jilanl yields. Jt s(*(*ms that inen^ases in 
plant siz(» and earliness are suflieient to w^arrant an intensivi' sludy 
of the possibility of utilizing hel<»rosis in the comiiiemal production 
of tomatoes. 

These considi'ralions indicate that the tomato breeder should 
employ those fundamental princi])les establisluxl by geneticists and 
br(MMlei*s wdio hav(‘ already attem])t(‘d to take advantage of heterosis. 
Por example, in building up inbred lines and \arieties to be used in 
crosses, foundation stock as geni'tically di\ei*se as possible should be 
used. The <lecided luderosis for increas(»d plant size and for increased 
earliiH'ss (‘xhibited by the I'rosses belW’^ixMi Lycopt rslcon tscuhnium and 
L, pimpinrllifolium am])ly demonstrates the advantages of such a 
m(»thod. During tlie development of these inbnxl lines ami varieties 
tlu' bre(‘d(‘r and gcaieticist should not forget the necessity of obtaining 
information conci‘rning tin* inheritance of the economically important 
charact(‘i*s. The breinling program can b(' pursued with much less 
expense and wdth much mon* certainty of success if information 
concerning the inJieritancc of thesi* characters is available. The* truth 
of this ass<‘rtion is verifieil by the fact that all of the important 
advances in methods of corn breeding have been baseil on funda¬ 
mental genetic principles. Also, tlu* value of genetic information is 
well illustrated by the studies concerning weight of fruit, numb(*r of 
locules per fruit, and number of fruits per centimeter of branch 
length reported in this article. Since small w'eight of fruit, small 
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number of lonilos, ninl small mimbor of fruits por contiinotor of 
braiu'li ur<‘ at least partially (loniinaTil, it is evident that tlie require*- 
inents desireil in the eoinmereial proeluet should be striven for in tin* 
inbred line's, (‘spe'eially if L. pimpinellifoliunt has been used as founela- 
tion sioek. On the other hand, sueh e'haraeters as earliiu'ss anel size* 
e)f plant can be obtaiiu'el by lakinjj advantage of lie'terosis, provideel 
the* inbred lint's or varietie's use'tl in the ere)sses posse'ss ge)od eennbininjr 
ability. It is very appajvnt that further aeUanees in me'thods ed* 
biwelinfi; anel the utilization of the methods A\e now have will be 
eh'pendent upon j;e»nelie inforination (*e)ne‘erninj]C the eTe)p andknejwl- 
eelfre of fundamental jj:e'netie prineiph'S. 

In building up strains of toinatoe's to l)e' nse'el in crosses, the back- 
cross niethexl and Ri<*he*y’s (SO) converp:('nt-i!n|)rove‘]nent inetliexl 
will uneloubte'dly be of value. In using thevse niedhoels caution sliould 
be e'xercise'd in order that material tew) similar genetie*ally elot's not 
re'sult. In ci'rtain inalerial, to a\e)id this danger inlu'rent in the bae-k- 
cre)ss nu'thod, sele'ctiem \\ithin F* anel later gt'neralie>ns ceiulel be 3 
practi(‘(Ml to advantage. 

UKr4\Ti()N OK ITetkhohis \\i) Domin' we'K 

In this ])aper it has ben'ii assumc'd that from the stanelpe)inl eif 
physiological pneti(*s theu'e* is no fundaine'ntal iliire're'nee bedwe'cn the 
phe'uome'na of hedeu-osis anel dominancM'. Some* e)f the* elata n'porte'el 
in a inwieuis article {3S) pertain to this assumi)lion. Tlu*s<* elata 
are* j)re'sente'd in table's S anel 9. 

''Fxbi.e S. Mnnis of nutnbn of ttnifs fiooi stvihng to Jimi vompltU changt of color 
of anff truit Jor Iht cioss Dautofnlc ' JohoumHh u(t 
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From lnl)lo S it can bo soon tliat thoro aro no sijjnifioant difforoncos 
holwoon tho 19.SS moans of mimbor of <lays from socclin^ to first 
oomploto ohaiip' of color in tho caso of Johaimisfouor, tho Bi to 
Johannisfoiior, and tho Fi p»noration. This shows lliat for 19»‘iS 
smaller numbor of days from soodinp: to first comidoto clianj 2 :o of 
.‘olor of any fruit is complotoly dominant. In 19)i9 tho moans of tho 
Fi ^(‘iH'ratioii and of tho B, to dohannishuior won' sif^nificantly smallor 
than tho moans of dohannisfouor and of Danmark.* Honco, smallor 
numbor of days from soodinjj to first complc'tc' ('han^c' of color showi'd 
hotorosis in i9o9. Since tho j^i'iiotypos wore constant for tin' two 
years, it is I'vidont that tho onvironmont as roi)ros('nto<I by years 
dotorminod wholhor tho character should exhibit hotorosis or domi¬ 
nance. 

Th(' nn'ans of numbor of days from first fruit sc*t to first coiiiplotc' 
chanf]:(' of color of any fruit aro listed in table 9. From this table it 
can bo soon that for dohannisfouor " Rod (hirrant tho moans of tho 
F], tho B, to JohannisfoiK'r, and tho Fo ^oiu'rations aro smallor than 
tiu' moan of either parent. In those comparisons, tho diirorc'ncc's 
involving tin' moan of tho F, aro statistically sifrnificant. From those 
facts it may bo concluded that tho character snialh*r numbor of days 
from first fruit sot to first coinploto chanjj:o of color of any fruit exhibits 
lu'torosis. For Daiunark dohannisfouor tho moans of all the* 
jli'Tiorations aro botwc'i'n tho moans of tlu' two parents. (It'arly 
smalh'r numbor of days from first fruit sot to first complete change 
of color of any fruit is |)artially dominant. wSiiu'o in this caso thi' 
environmental inlhioiico has boon controlh'd (ramlomizod-block o.\- 
poriinont with 20 replications) wo mav conclude that wdiothor thi' 
<*haractor small numbor of days from first fruit sol to first comph'to 
change of color of any fruit exhibits hotorosis cm* dominance is do¬ 
torminod by tho jjoiiotyin'. 

Ih'iico, as th(' forojj:oinf>: data indicate, in one casi' tho onvironmont 
and in another caso tho genotype dotormiiu'd wholluT a character 
should ('xhibit hc'torosis or partial dominance. This I'vidonco is 
ratlu'i’ conclusive in support of tho supposition that hotorosis and 
dominance ropros<*nt doj^roos of iiloiitical phonomona and aro do- 
pi'iidont u|)on the' saint* physiolojrical jji'iiotic proct^sst's. 

NATUKK OF INTKKACTlONS OF (JENKS 

A4thouj>:h jj:onotics has (‘ontributt*d much to tho adxancomont of 
plant brooding*:, thoro is nootl for considt'iably mort* work on the 
inht'ritanco of tho quantitative chariictors. This is particularly triK* 
for studii's dcalinji; with tlu* nature of tho int(‘raction of tho frent's 
afVeclinfi: the (luantitativo charactoi’s. 

Tho corn brooders have accumulated considorablo data havinji: a 
boarin^jupoii thonaturt'of thointt'raction t)f thop'nosasdt'torminod by 
the mc*asuromont of an end product, namt'ly, yield. Their data indi¬ 
cate that the effects of tho jeonos differentiatinjr yield in corn art' 
arithmetically cumulative. In fact tluist* ftirmulas usotl in tirodictinjr 
theoretical docroast's in yit'ld accompanyin*? inbrt't'tlin^ 4^), 4*^) 

aro basotl on tho assumption that the effects of tho jjtMios difforontiat- 
inj? yield art* arithmetically cumulative. Tho fact that such ji:ood fits 
botwt'on tho obtaintsi and tht'orolical mt'ans wore socurt'd by those 
ft)rmulas wH)nld indicate' that this assumption is i'orroct. However, 
Ix'fon' siK’h a conclusion is draw’u to.sts .should b(' niach* to determine 
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whether the foimulas are discriminative. In other words, would the 
obtamed and theoretical data fit just as well if the tlieoretieal calcula¬ 
tions had been made on the assumption that the effects of the jj^enes 
differentiating the quantitative charact(‘rs are geometrically cumula¬ 
tive? To answer this question the theoretical Fz means were calculated 
from Neal’s (35) data for corn by using the formulas given in table 10. 

These theoretical means, together with the obtained means, are 
listed in table 11. 

Tablk 10 Formulan lor calcidating ihtoutmd mtan yidds of Zea mays ftom 

KtaVs (y'i) data 


<honiitiu nil in 

.Mlhm .rf( ) 

i>ou».k I u ~H p.+p t7>,4T, 11^ lo^ r;) i..^ p;+iop pi+i<H. K+i.*, iv 

\ Ih ^ 


FI V hi Ills 


^in^U 

3i»a\ 


Aiithniitii nuan 

jT, |F,+P 

I 

hT,fP,+T* fP 

<1 


Taiile 11 .— OhlafHfd and thtouhcal Fi mean yidds of Zta /wfl//s, thi calculaiions 
hung ha^iid on \t(d s ( H) data 
I Ml \N 3 11 1 h- 01* /I'\ M V3S 


- — 



— 

■ - — 


— 


II 

— — 

— 


1*3 nil ill! Mild 


1 Him an Mild 

1 

1 

1 t nil nil 1 



1 


1 

1 


1 1 



1^ 

( lOsS 

rs 

^ E 

i h 

< toss 

1 


1 ti 

1 ( ^os^ 




C 

ja 

1 i 


£ 

1 ^ 

d 

1 5 


s 

rf 1 

a 

£ 



C 




2 




C 




- 


1 O 

-1* 

C 


c 


hineli li\ 











hi 111 

Bn 

Bu \ 

Bu 

1 \IUA hAluid 

Bu 

Bu 

Bu 

Double livhnd 


1 

<XKi 

45 7 

40 4 I 

15 b 

(RiXl)X25 

40 0 

51 7 

4b 2 

(ion ) 

Rtf 

Bu 

KiXfi 

47 0 

4^ 0 

« 5 

(lX25)XRi 

44 7 

4h 1 

41 7 

(It Xb)X(lX 1 



KiXPi 

« 7 

41 5 

4b i 

(li XJ5'lxri 

•ifi V 

54 4 

IK » 

25) 1 

1 

1 (i 

RsXA 

i4 K 

» 5 

U 4 

(bX251XHi 

tb 

IK S 

14 0 

(21XU)X 1 



3X25 

11 7 

17 7 

41 7 

Dimhli liAhrid 




(M, Xb) ' 

*■2 b 

54 4 

IX2»» 

« 7 

lb 3 

to S 

(II Xb)X(21X25) 

52 0 

51 7 

50 0 

(lVb)X(21X 



bX2r> 

52 0 

47 0 

H 4 1 

(Mi XR )X(bX25) 

150 0 

10 fi 

lb 5 

25) 

57 1 

55 2 1 

MnXRj 

40 <i 

« 7 

11 0 

, (1XJIi)X(21X25) , 

> , 

57 J 

52 1 

(RiX2''X 



«1X2^ 

H 5 

11 b 

17 0 

1 (bX25)X(lXli ) ' 

5S 2 

51i 0 

>2 4 

(M, X21) 

4'' 2 

'"2 0 

2ivjf, 

Ui 5 

lb 5 

41 7 1 


51 b 

j-.i i 

47 0 

(IXR)X(bX 






1 

1 (23Xli )X(1X2)) 1 

1 

1 

1 

21; 

5(1 0 

5} 0 

— 

— 

— 

— - 



1 

1 





liu 
I 1 
'io 

I r| I, 

0 

'll b 


ANAMsIs '■'IMAMin 01 ‘sINOLF m HKIDs »OK OPIAINED AND 
ARIIUMI lie ML\NS 


soiirci or MiriiilKin 


f lOSM s 
Minus 

Cross* s X nil iins 
'I otul 


])inns 

of 

fn 1 ilom 

^iim of 
squills 

A ariiinii 

/ A lllll 

P A aim 

0 

210 OOHOOO 

2 b (>50441 

1 K 37014 

0 05 

1 

4 050 UIN) 

4 OSKNIO 

501107 

05 

fl 

(>2 510000 

h 045550 



10 

1 100 4 bS 0 (X) 


_ __ 1 



^ j hi r* \ iluf« for ill ti rnimltifi thi fit hi l\ii ini tiu ohtain* il and arithmetic lu* ans him preati r than 0 O'! 

I he P A aliios for dtti riuiuiUK thi fit liot at t n tlu ohtauiod ami n ometric mi ans avi ri li ss than 0 01 

Some explanation coneeriiing tlie method of ireatmeiii of these <iaia 
should be given. To determine whether the obtained means were in 
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a^rriH'inoiil with oitliw gjroup of ilio Ihoorctical moans, tlie analysis of 
varianco was appliod to oaoh group of hybrids. Tho nioihod used is 
shown at tho bottom of tabh‘ 11. Tho (lata iuoludod in this illustra¬ 
tion aro th(' moans ohtainod for tho singlo hybrids and tho moans 
oalculalod on tho assumption that tho ofToots of tho gonos difforonti- 
ating yiolds aro arithmotioally oumulafivo. Jn using this inothod ono 
siiouhl oxamino tho dotailod data to asoortain whotluT a fow oxtivnu* 
doviatos ooour. If tliis is doiio thoro should bo no misintorprotation 
of tho data. 

From tahlo 11 it oan bo s(‘on that tho agrooini'iit is g(‘norally good 
hotwoon tho ohtainod data and tho thoorotioal data oaloulatod on ilio 
assumption that tho (dfoots of tho gom^s dilforontiating yiold in thoso 
inbrod linos of oorn aro arithmotioally ciiinulativo. On tho othor 
hand, tin* dis))arity botwoon tho ohtainod data and thoso oaloulatod 
on tho assumption that tho offoots of tin* gonos aro gooniotrioalJy 
oumulativc* is in gonoral too gn»at to la* aooountod for by tho prohablo 
(M*rors of random sampling. Thosi' findings aro sup))ortod by tho data 
of Kioh(‘y and Snraguo {jO) and by thoso of Kiossolbaoh W7). It 
should 1)0 pointod out that in applying tho abovo formulas to data for 
thn'(‘-way and double* hyl)rids, if tho possiblo F, hybrids diffor matori- 
ally in yhdd tho data from tho highost yioiding oonibination {5,21) 
should b(' usoel; othorwisc* orronoous oonclusions may lx* drawn. 
WlK'r'e* till* ])ossil)lo Fi hybrids do not diffor greatly in yiold this oon- 
sidoration 8(‘(»ms to be* moroly aoad(*inio. 

ll will bo ivinombore'd that in tho prosont study with tomatoos tho 
agroe'inont bot^^oon the* ohtainod data and those* e*.aloulate*el on tho 
assumption that (ho e*trc*o(s e)f tho gone*s aro ge*ome*trie*ally e*umulativo 
was ole)se*r than was the* agiwinont botWTon the* e>btaine*el data and 
the)se* e'aloulate*el on tho assumption (hat the* e*ire*e*ts e)f tho gone*s aro 
aelelitixo. He)we*vor, in ne*ithor instane*o was the* agre*oine*nt so e*le)so 
that tho elitre*re*ne*os ne)te*el e*e)ulel bo attributf*el to the* e*rre)rs of random 
sampling. The* e*haraote*rs inve)l\e*el we*re* w’e*ighf e>f fruits anel ]iumbe*r 
e)f le)e*iile*s por fruit. By using the* motheiel inve)lving niarkor ge*ne*s, 
Pe)W'e*is ,i?) has she)W'n that the* re*sults e)btaine*el in a stuely of 
the*se* twe) e'haraotors are* the)se* e*\pe*e*te*el if the* e*ire*ots of tho ge*ne*s 
elifforontiating the*se* twe) ediaraotoi's anel asse)oiate*el wuth the* markor 
ge*ne*s are* ge*e>me*trie*allv e*umulati\e*. Honoo, it st'e*ms rathor ovidont, 
as |)re*viemsly pe)inte*el euit by l*ow’e*i*s (S7), from thoore*tie*al e*on- 
siehTatie)ns anel a stuely of othor elata, that me>re* than e>ne* type* of 
intorae'tion of the* ge*ne*s eliire*rontiating e|uanlita1ivo e*haraote*rs must 
e*Aist whe*n m(*asure*mon(s of e'nel ])re)duots aro inve)lve*el. 

SUMMARY 

Tho stuelie*s hore* re*pe)rte*el ine*luele*d as jiarontal matorial the* Be)nny 
Be*st, Danmark, anel ple)hannisff*ue*r variolie*s Lycoptmeon ('<culvn- 
ium, anel the* Re*el (’’iirrant varioty e)f L. pirnpincllifolium. The* 
bre*e»eling was e*urrie*el (e) the* se*e*e)nel hybriel anel tw^e) bae*ke*re)ss ge'ne*ra- 
tie)ns and in adelitmn tlio stuely inoludoel tho Fi ge'iioratiem anel he)th 
paremts. 

Small size* of tomato fruit as ele'tormine»ei by we*ight was founel te) be* 
partially dominant. 

Smallinimbor of loe*ule's w'asfounel tobooithe*roe)mi)le*te»lyorpartially 
dominant. 
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Partial (lomiiuuicc or heteroais wua oxhibitod for amallor mimbor of 
fruits per unit longth of branch. 

Heterosis obtained for increased height and s])read of plant. 

It was concluded that the increase in plant size* and tin* pn^vionsly 
deteriniiu'd eaiiiness, due to heteiDsis are sufficient to warrant 
an intensive study of the possibility of utilizing tliis phenonK^non in 
the conmnu-cial production of tomatoes. 

The agreement betwe(»n tlie obtained moans and those calculated 
on tlie assumption that the effects of the genes are geometri<*alIy 
cuinu]ativ(' was closer than was the agre(‘inent betwecui the obtaiiuul 
nutans and thos(» calculated on the assumption that the effects of tlie 
genes are arithmetically cumulative. However, in mutlier instance* 
was tin* agreement so close that the difiVrences noted could be attrib¬ 
uted to th(‘ (Trors of random sampling. 

Evidence has been presentee! showing that fre)m the staiielpoint e)f 
physiologiead gene»tics he*tere)sis and eleuninane*i* are me'ivly eliffcre*iit 
eh'greM's of the same* ph<*noine*na. 

LITKRATURK CITKD 

M) ANDEiesoN, KiHiMt. 

ItWO. RWeMlMIllN \T1(I\ IN SPKCIKS CROSSES. (t(Ml(‘ti<*s 21: |r»0Sl 

lilus. 

(2) intrcK, A. H. 

1010. THE MKNOELIAN THEORY OF HEREDITY \ND THE MM.MENI'VTION 

OF viooK. iSciciK'c (n. s.) ;i2: 027 02K. 

(;n ('h\rlrs, Don \LI) H., and Smihi, Harold H. 

1039. DlSTINOnsiIINei BE’n\EKN T\\e) TYPES OF (JKNE \CTlON IN gCWII- 
T\Ti\E INIIER1T\N< E. (icriHics 24‘ 34 48. 

(4) DxR^^IN, Cn\RLEs. 

11808.) THE \ MUATION (IF XNIMXLs \NI) PLWTs eiNDKU DOMESTIC \'l ION. 

2 \ illus. Ne*\\ York. 

(5) Doxtxtor, (\ W., and Johnson, I. J 

1930. PKEDK’Tiox OF DoiriiLE CROSS XlEi.Ds IN (ORN. Aiiicr. Soe* ARFon. 
Jonr. 28: 400 102. 

(0) Kas'i, Kd\x \rd M. 

1908. iNBiiEKDiNO in I ORN. (’oiin. (Slnlc) Agr. K\])t. Sta. Itnl. 1907: 

419 128. 

(7) 

1909. 'IIIK D1ST1N(’'I ION BETWEEN DKVELOPMEN'I \\D IIEREDITX IN IN- 

BHEEDINO. Aincr. Nat. 43: 173 181. 

(8) 

1910. \ MENDELMN INTERPRET \TION OF \\RIVTlON TH \ T IS VPPVKEM’LV 

CONTINHOI'S. ,AiiR*r. Nnl. 44: 0r» 82. 

(9) 

1913. INIIKIilT VN( E OF FLOWER SIZE IN CROSSES BETWEEN SPKClEs OF 
N1C0T1\N\. Hot. (laz. f).”): 177 188, illiis. 

( 10 ) 

1930. HETEROSIS, (fi'iictics 21: [37»^d 397. 

(11) and lUxfis, H. K. 

1912. IIKTKROZXOOSls IN KVOLITION AND IN PLANT KREEDINI. V S 
Dept. Afir., Hiir. Plant Indus., Hiil. 243, oS pp., illiis. 

(12) Focke, Wilhelm Oi.hers. 

1881. DIE PFLANZEN-MIse’HLINOE; EIN BEITKXO ZHK BIOI.OI.IE DER 
(JEW A( HsE. 309 pp. Hcrlin. 

(13) CiARl'NER, KvRL FrIEDRK’TI VON. 

1849. VERSHCHB HND BKOB \CUTHNOEN f’BER DIE B XSTARDERZECOr VO 
IM PFLANZKNRKU’H. 790 pp. StllttSHTt. 

(14) GaLTON, I'RANCIS. 

1S79. THE OKOMKTRIC mean, IN \1T\L \.ND SO(’IAL sTVTlsTK's. J{o\ . 

Sot*. London, Prop. 29: 303 307. 

(13) (lOl.OSI'llMlDT, HK'HAKD. 

1917. A Ft'RTIlER (’ONTRIRH'I ie»N Te» THE THEeiUY OF SEX, JiHlT. K\pt. 
Zool. 22: 593 Oil, illiis. 



Alin. 1 . i«4i Inheritance in (^roftses of Two Spec left of Lycopersicon 173 


(10) (xOLi)H(*iiMii)T, Richard.. 

193S. niYsioLouK AL (JENETirs. 375 pp., illns. Xfw York and J^oiidon. 
(17) (xKOTH, H. H. A. 

1915. SOME RESULTS IN SIZE INHERITXNCE. N. J. A|;r. Kxpt. Sta. Bill. 
278, 92 pp., illiis. 

(IS) Hayes, H. K. 

1930. THE COMMERCE\L USE OF DOUHLK (*ROSSKI) CORN IN MINNESOTA. 

AmiT. Sof. Affron. Jour. 22: GOO 013. 

(19) and (iarrer, R. J. 

1919. SYNTHETK’ FRODUCTION <IF HlOH-PROTEiN CORN IN RBL\TION TO 
BRKKDiNO. Alucr. Soc. Agroii. Jour. 11: 309 318, illus. 

(20) HoiT(iHT\LiN(i, Helen B. 

1935. A DEVELOPMENTAL AN \LYS1S OF SIZE AND SHAPE IN TOMATO FRUITS. 

Torroy Hot. Chih Bui. 02: 243 252, iJliis. 

(21) Jenkins, Merle T. 

1934. METHODS OF EsTlMATlNO THE PERFORMANCE OF DOUBLE CROSSES 

IN (’ORN. Ajikt. Soc. Agron. Jour. 20: 199 204, illus. 

(22) and Brunson, Arthur M. 

1932. METHODS OF TEST1NO INBRED LINES OF MAIZE IN CKOSSliRED 

(’OMiUNATioNs. Amur. Soc. Aftron. Jour. 24: 523 530. 

(23) Jones, Donald V. 

1917. DOMINANCE OF LINKED FACTORS AS A MEANS OF AIT'OUNTINO FOR 

HETEROSIS. (Icnc1ics2: [400) 479, illus. 

(24) 

1918. THE EFFElTS OF INHREEDINO AND CROSSRREEDINO UPON DEVELOP¬ 

MENT. (’onn. (Stale) Arp. Kxpl. Sta. Bui. 207, 100 pp., 
illus. 

(25) Keeble, Fredkrk^k, and Pellew, (\ 

1911. THE MODE OF INHERITANCE OF STATURE AND OF TIME OF hLOWEH- 
INO IN PEAS (pisi’M SATIVUM). Jour. 0(MICl. 1: [47] 50. 

(20) Kiesselbai’H, T a. 

1930. THE USE OF ADV ANCED-OENEKATION HA BRIDS AS PARENTS OF 

DOUBLE CROSS SEED I’ORN. Aiiicr. Soc. ARPon. Jour. 22: 014 

020 . 

(27) 

1933. THE POSsilllLlTlEs OF MODERN I'ORN BREEDINC. World’s (il'aiu 

Kxhil). and (’onf., BcRina, C’anada, Proc. 2: 92 112. 

(28) Knioht, Thomas Andrew. 

1799. an AVrOVNT of some E.XPKHIMEVTS OV the FECUNDATION OF 
vec.etables. Boa. Soc. London, Phil, Tran.s. 89: 195 201. 

(29) KOlreuteu, Joseph (Jottlikb. 

1700. DRITTE FORTSKTZUNO HER VORLAUFIOEN NACHllll’HT VON EINKlEN 
DAS (.£.sCHLE<'nT DER PFLANZEN RETREFFKNDEN VERsU(*1IEN UND 
BBOH ACHTUNOEN. Bf^ppiiilcd ill Ost Avald’s Kla.ssik(‘r dcr Kxakicn 
WissiMiM'liaftcn, No. 41, pp. [103] 200, 1893. Lci])ziR. 

(30) Lindstrom, M. W. 

1931. PREPOTENCY OF INBRED SlIiEs ON COMMERCIAL VARIETIES OF MAIZE. 

Aiiicr. Soc. Arpoii. Jour. 23: 052 001, illus. 

(31) 

1935. sEOREOA'J ION OF gUANTIlATlVE OENES IN TETRAPLOID TOMATO 

HYBRIDS AS EVIDENl’E FOR DOMINANl^E RELATIONS OF SI/E < IIAR- 
Ai’TERs. (Jcnctics 20: jl] ll,illu.s. 

(32) Luckwill, JjEOnard (\ 

1939. OBSERVATIONS ON HETEROSIS IN LYCOPERSICUM. JoUr. ^KMlct. 
37:1421] 140. 

(33) Ma ('Arthur, John W., and Butler, Leonard. 

1938. SIZE INHERITANCE AND OEOMETRK OROWTII PROCE.ShES IN THE 
TOMATO FRUIT. (fCiM'lics 23*. [253] 208, illus. 

(34) M.anoblsdorf, P. (’., and Fraps, (1. S. 

1931. A DIRECT gUANTl'lATlVF RELATIONSHIP BETWEEN VITAMIN \ IN 
(’ORN AND THE NUMBER OF OENES FOR YELLOW PIOMBNTATION. 

Sci(Micc 73:24I 242. 

(35) Neal, N. P. 

1935. THE DECREASE IN YIKLDINO CAPACITY IN ADVAN( ED OENBH A'l IONS 
OF HYBRID CORN. AiiKT. Soc. A^roii. Joup. 27: 000 070. 



174 


Journal oj Agricultural. Remirch 


Vol. 63, No. 3 


(36) Powers, LbKoy. 

1939. FORMULAS FOR DETERMmiN(4 THEORETICAL EFFECTS OF CERTAIN 
GENETIC FACTORS UPON INHERITANCE OF QUANTITATIVE CHAR¬ 
ACTERS, WITH SPECIAL REFERENCE TO A STUDY OP A LYCOPERSICUN 
HYBRID. .lour. Agr. Pcs. 59: .5.5.5-577, illus. 

(37) - 

1939. STUDIES ON THE NATURE OF THE INTERACTIONS OF THE GENES 
DIFFERENTIATING QUANTITATIVE CHARACTERS IN A C’ROhS BE¬ 
TWEEN LYC’OPBRSIC’ON BSCULENTUM AND L. PIMPINELLIFOLIUM. 

.Jour. Gc‘iict. 39: [139]-170. 

(38) - — and Lyon, (’banning B. 

1941. INHERITANCE STUDIES ON DURATION OF DEVELOPMENTAL STAGES 
IN CROSSES WITHIN THE GENUS LYC’OPERHIC’ON. .JoUF. AgF. Kf»S. 

63: 129 14S. 

(39) Bic'hey, Frederick I). 

1927. THE C’ONVERGENT IMPROVEMENT OF SELFED LINKS OP CORN. AlllCF. 
Nat. 61: 4.30 449, illus. 

(40) - -and Spracuie, George F. 

1931. EXPERIMENTS ON HYBRID VIGOR AND C'ONVKHGENT IMPROVEMENT 
IN c’ORN. r. S. Agr. Tc‘c*h. Bui. 267, 22 pp., illus. 

(41) Sagkrbt, [A.l 

1826. cons]|)^:k\tic)ns suk la production df.s hvrrides, des variantes 

KT DES VARIETES EN O^N^RAL, ET SUR CELLES DE h\ F\MILLE 
DES CUC’URBITACISES EN PARTK’ULIER. Anil. dc»s Hci. Xut. S: 

294 314. 

(42) Shull, George H1akkison|. 

1908. THE composition of \ field of maize. Ainc*F. Brt*c‘dc*Fs’ Assoc. 

Bpt. 4: 296 301. 

(43) -- 

1909. A PURE-LINE METHOD IN C'ORN BREEDING. AlllCT. BfcC'CIcTs’ AssOC*. 

Up1.5:5l .59, illus. 

(44) - 

1910. HYBRIDIZATION METHODS IN C’ORN BRKEDlNCi. AlllCT. BfOCmIcTS^ 

Mug. 1:98-107, illus. 

(4.5) - 

1911. THE GENOTYPES OF MAIZE. AincF. Xat. 45*. 234 2.52, illus. 

(46) SiNNOTT, Kdmund W. 

1921. the RELATION BETWEEN BODY SIZE AND ORCiAN SIZE IN PLVNTS. 

Amcr. Nat. 55: 38.5-403, illus. 

(47) — and Dunn, L. C. 

1939. PRINC’IPLES OF GENKTTC’S; AN ELEMENTARY TEXT, WITH PROBLEMS. 
Kcl. 3, 408 pj)., illus. Xcw VoFk and London. 

(48) Wright, Hew all. 

1916. AN intensive study of the INIIKRITANC’K OF C’OLOR \ND OF OTHER 
C’-OAT C’HARAC’TEBS IN CJUINEA-PHJS, W ITH ESPECIAL RKFERENCK 
TO GRADED VARIATIONS. (’aFHC'gic* lllst. Wusll., Pul). 211: .59 
192, illus. 

(49) - 

1922. THE KFFKC’TS OF INBREEDING AND CROSSKIiEEDING ON CJUINEA PlCib. 

r. S. Dept. Agr. Bui. 1121, 61 pp., illus. 


INHERITANCE OF STAGES OF EARLINESS IN AN 
INTERSPECIFIC CROSS BETWEEN LYCOPERSICON 
ESCULENTUM AND L. PIMPINELLIFOLIUM' 

By Channino B. Lyon ^ 

Junior physiologist, Division of Frvit and Vigdahle Ctops and Disvims, Bureau of 
PUml Industry, United States Department of Agriculture 

INTRODUCTION 

In 1986, at tlio Choyonno Horticultural Field Station, (^hcyc^nno, 
Wyo., an intcrsp('cific cross was made l)ctwocn the tomato varieties 
Jolmnnisfeuer (LycoperHicon escuhntum Mill.) and Red (^irrant {L, 
pimpindUfoUum (Jiisl.) Mill.) in an attempt to combine* certain impor- 
taJit cliaracters of dohannisfeiier with the* elesirable (*arlinf*ss of Red 
C^irrant. Tbe Fi, Fj, and l)ackcross generations, together with tho 
parents, were grow'n in 1987, and the results on studies of the inheri¬ 
tance* of earline*ss are* report eel by re)we*i*s and Lyon.’ Tbe F 3 ge*ne*ra- 
tion anel aelvanc<»el backe*re)ss ge*ne»ration, together with the Fi ge*?iera- 
tion, Fo ge*ne*ration, and pare*nts, w^re* tunie*d e>ve*r te) tin* author in 1988 
feu* an inv(*stigatie)n e)f the* inheritance of e*arline‘ss. 

METHODS 

This stuely incluele*d the pare*ntal line's, the Fj gent'ration, the* Fj 
ire'ne*ratie)n, faniilie's arising from se*lf-fertili7i('el plaiits re'sultiiig from 
backcrossing the Fi generation te) Johannisfeuer, and F 3 families 
arising from se*lf-fertilizcd Fj])lants. The l)a('kcre)ss plants and the F^ 
plants giving rise* to the leist two classe'shael be*e'n se'le'cle*el feir e*arline'ss 
of maturity in 1937. Tbe se'ed was i)lante*d in Hats in the gre*e*nhouse 
ein A|)ril 21,1988. Afte'r ge*rmination the* see*dlings we*re spotte'el e)ir in 
Hats in strain ren^s, which were* raneloniize*el ae*e*oreiing te) Tippett's 
randomization (able*s‘ to e*liminate pe)ssible pe)sitie)nal effe'cts in the 
gre*e*nhe)us<*. The* strains anel ge*ne*rations we're* transplante'd into the 
tie*lel flune 1, 1988, in ro\\s, 12 plants te) the* j*e)W, e*ach re)W be'ing repli- 
cate'el 4 time*s and rande)nnze*el as tei pe)sitie)ii within a block. Ten 
blocks of 4S re)ws eae*h w'e're use*el, each block ce)ntaining both pare*nts, 
the* F, ajiel F, ge'ne'ratmns, 4 strains of the* S(»lfe'd ge*ne'ratie)ns e)f the* bae*k- 
cre)ss, anel 4 strains of si»le*ctcel Fa’s. This maele possible the te»sting 
of 40 strains of the se*lfe'd ge'iieration of the backcross anel 40 strains of 
Fa's in a ranelomizenl block de'sign,^ using a total j)e)pulation e)f 5,760 
plants. 

On July 18, 1988, whe*n the* lai’ge'-scale* bre*c*ding population was 
eeitirely in bloom, a severe hailstorm e)ceurre'd, indicting conside*rable* 

> foi imhlication JHniiHr,\ S. I9U. 
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fiumagc oil tlio piitiro iiopulation. I’hc* pflVct of tlip hail was iitiifomi 
ov(>r tlip ontiro fioltl planting, and only stubs of plant atoms won* l(>f1 
above ground. Since bailatomia inflicting such damage occur fn*- 
quently during this season in many portions of the ci'iitral W(*8t<*rn 
States, they must be conaiden'd as part of the environment in an\ 
breeding program. Under conditions that art‘ pn'sent in such aii 
environment, inheritable curliness is confused witii ability to iwover 
aft(‘r hail damage. 

For eonv('ni(‘ne(' and (’aae of analysis, earliness in tomatoes may be 
<livide<l into various stag(*s. Powers and Lyon * have recognized the 
following stagra and havi* found they behave us genetic charaeli'i’s 
and can be tr(*ated as such in studies of (iiinntitative inlunitance: 
(1) Period from jilantin^ to first bloom; (2) piMiial from first bloom 
to flint fruit set; (3) period from first fruit set to flint comphie coljir 
chan^(^ In the experiment herein n'ported the occum'iice of luiil 
delimited additional stagi's, so that five different stagi^s are employcsl 
in this study. The following is a list of the stagin, together witli'tlie 
critiuiu that delimit them in actual field prac'tice: 

(1) Period from planting to first bloom before hail—The day that the riirolla of 
tlie first flower opened was n>eorded for each plant, and the luuuber of days from 
the ))lanling dat«‘ was emnputed for this stage of earliness. 

(2) Period from planting to first hUioin oftei hail- The same iirocediin.' was 
followisi os in stage 1, as all plants wort* pruned back to a iinifonn basis and all 
flower buds were removed iiniuediately after damage occurred. 

(3) Period from first bloom after hail to first fruit set. —When a definite swelling 
of an ovary in a flower occurred, the dale was n-corded and the number of da.\s 
from first bloom was cuniputed for this stage of earliness. 

(4) Perioil from first fruit set to first eomplete color ehaiige.— The date of first 
comiilotc rolor ehange was reconled for eaeh iilaut when the green coloring on a 
fruit had disapiieared, and the numlier of da.\s from first fruit set to first com¬ 
plete color change was comiiuted for this stage of earliness. 

(5) Period from planting to first complete color ehangi.- This stage of curliness 
represents a summation of stages 2, ,S, and 4. 

The mean valut's of rows were list'd to eslablish diirerences between 
strains or generations. The data thus obtained were then subjected 
to analysi's of variance, and the interaelioii between simins anti 
replications was used as an estimate of emir. Odds as givaf us or 
greater tliuii 19 : 1 against the deviations noted being diu* to the 
emirs of riiiidoni sampling were accepted as being statistically signifi¬ 
cant. 

RESULTS 

Table 1 gives the F' values for testing the statistical significance ol 
differences between strain means and of differences between replica¬ 
tion means. Tin* differences between tlii' strain nieaiis w'ill be dis- 
eiisseil under tlii'ir respective stage headings. 

rKKlOIl FROM FLANTINC TO FIRST BIXIOM BEFOKK HAIL llAMAOE 

Fnini table 1, it may be concluded that, for period 1, in no ciim' 
could the difference betwis'ii strain iiieans be aecoiiiited for by chanci*. 
In all cases the F' values were ol sufficient magnitude to give prob¬ 
ability vahu's as small as or less than 0.01. 


See footnote 3. 
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Tablk 1 — f valucft fot testing thf statistical significanci of diffi h nris hiiutin stiain 
niians and of diffcrencis betuitn riplication imans 
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Boloie liiiil, tilt* R(‘(1 (^intuit pnioni oxliibilrd a moan miinbcM ol 
(lavs to fiist bloom ol 74 55X0 444 days fiom the idantin^ dale* 
J()hainnslou(4, tho laloj pan^nt, MooukmI m 81 54i-() 271 da\s, making 
it possible' to d('moJistiat(‘ a pau'iital moan dilFon'iuo ol 0 90 £0 520 
days Tlio Vi j»oiioiation bloomod in 7b 15X0 440 days and dilloic'd 
liom tho anthnutK moan of tho two paionts (78 04 + 0 200 days) by 
I 91 i 0 510 days Tho moan diUc'K'Jioo is thioo time's its stanel- 
aid oiior and tlie'iedoio signitieant Tho siinplo ^e'ornedno nie'an 
(77 97 elav^s) obtained] Irom the me'aiisol the paionts elo(*s not eonloim 
to the* ohs('i\(»d iiu'an of tho Fi j»e‘ne'iation as a moan diHe'ie'noi ol I S4 
days IS de'inonstiablo Also, Jiom tho foie'j^oinj? data it is appaie'iit 
tliat the' Fi ^('lUMation diilcMs si|>:nifieantiy fioni tho e'aihoi paiemt, a*^ 
the dilh'K'LKo js 1 58-10 029 dayrs Jn othoi words, although tho 
fioomotiio me*an obtaine'd liom tho me'ans ol tho two ])ai('nts moio 
elose'ly appioache's tho ol)se»ive*d moan ol tho Fi fi;onoiatiou than doe's 
tho aiithmotio moan obtained liom tho ine'ans of tho two paiemts, 
dominanoo is a lactoi and must bo e*onsidoie'el This aj^icM's with 
data ol Powe'is" loi numbe'i of looule's and hint si/o 

Tho obson ed moan ol tho Fj jcemoiation foi dato ol lust bloom bofoie 
hail was 75 70X0 408 days. By using Wiisht’s foimiila as qiiote'd by 
Powers,* which take's into considoiation elominaneo in ge'oinotiic in- 
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h^rit&ncc fls shown by the Fi gonorEtioiif ono may obtain a prpdictod 
Fa mean of 77.04±0.261 days. Wliile the standard error of the pre¬ 
dicted Fa mean is in itself snoject to error and represents onl^ the best 
approximation available, the diflPerenee between predicted and ob¬ 
served Fa means of 1.28 ±0.484 is statistically significant. Therefore, 
in considering the Fa generation, the viewpoint given above of a 
geometrically inherited character taking into account dominance is 
not substantiated. 

The data show that it is possible by selection within the Fa genera¬ 
tion to obtain F 3 strains that are at least 8 days earlier than the Red 
Currant parent in regard to date of first bloom. Table 2 lists 10 such 
Fa strains, giving strain means as well as the standard errors. 


Table 2,- Tabulation of the mean number of days from planting to first bloom 
before hail of parents^ F\ and F 2 generations^ and early selected Fi strains 
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PEUTOn FROM PLANTING TO FIRST BLOOM AFTER HAIL DAMAGE 

From table 1 it is clearly demonstrable' that any differences shown 
between strain means are valid and siginficunt. In all of the 10 
blocks, one is able to demonstrate significance above the l-ja'ccent 
point for the differences between means of the strains, or, in all cases 
the odds are greater than 99:1 against the occurrt'nce by chance of 
such a distribution of strain means. 

After the hailstorm the Red Currant parent bloomed in 98.26 ±0.195 
days finm the date of planting. The later parent, Johannisft'uer, 
bloomed in 102.02±0.189 days, and it is possible after hail damage to 
demonstrate a mean (jifference between pun'iital lines of only 8.76 
±0.272 days in blooming date's. Wlien one recalls the' difference of 
6.99±0.520 days that was demonstrable before hail occured, one may 
conclude that tin* expression of tliis genetic difference was decreased, 
in this ('xperiment, by damage due to hail. 

The Fi gt'iieration shows a moan number of days to first bloom of 
97.89±0.209. This mean conforms neither to the arithmetic mean 
(100.14±0.136 days) obtained from the means of parental lines nor 
to the simple geometric mean ( 100.12 days) obtained in the same 
manner. Tt is impossible to demonstrate conclusively that the F, 
generation is significantly earlier than the Red ('’urrant parent, since 
a difference of only 0.37'±0.286 day is shown. 

The obsei'yed F 2 mean was 99.13±0.194 days, which is very close 
to the predicted 99.00 ±0.125 days based on the assiunption that 
gc'iies differentiating this stage of development are geometrically 
cumulative. Refined analysis is not necessaiy to show that the differ¬ 
ence bc'tween these two means is not statistically significant. 
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The soleotod F 3 strliins that liad shown (>arliiu»ss in ropml to date 
of fiifli bloom before hail jfave no indieations whatso(‘V(T of blooming 
('arly after hail damage oceurr<‘d. There* was no indieatioii of e'arly 
blooming after hail in any F 3 strain or in any strain of the self(»d genera¬ 
tion of the baekeross, and the Fi generation in general sliowed the 
only indications in the population of blooming earlier than the Red 
Currant i)ar(*nt. 

PEKIOI) FROM FIRST BLOOM TO FIRST FRUIT SET 

The Red C\nTant variety of tomato requin*s a period from lii-st 
bloom to fimt fruit set of 4.25i0.090 days, while the Johannisfeiier 
variety requires a shorter period of 8.5SrLo.l21 days. The parental 
strains thus exhibit a significant mean difference ol 0.07±0.151 day. 
The Fi generation mean (3.88±0.109 davs) lies between those of the 
parents and diff(*i*s significantly from tlie m(*an of tin* Red Currant 
parent, the mean difference being 0.3710.141 day. The difference 
between the Johannisfeuer parent and the Fi generation (0.30±0.I63 
day) closely approaeh(*s statistical signilieanee. There is, however, 
no significant diffen'iiee demonstrable bc*tween the Fi generation and 
the arithmetic mean (3.91 ±0.075 days) calculated from the means 
of tin* ])ar(»nts or between the Fj generation and the geometric mean 
(3.90 days) calculated fi-oni the means of the parents. 

The V 2 generation, with a mean of 4.05±0.094 days for this stage 
of earliiK'ss, eonfoiins to both the arithmetic and geometric means 
calcidated from the* means of the two par(*nts, as no significant differ¬ 
ences are involved. It also conforms to the pridieted F> value 
(3.894 0.0()7 days) considering dominaiicf* of the ln*terozygote, al- 
thoiurh hi this ease the F| generation mean lies between the in(*ans of 
the two parents. 

By a eomi)arison of any tw o strain means, it is not ])ossible to demon- 
strate that statistically significant differences between strains exist 
within any particular block. (See table 1.) However, dimdional 
effects betw'een g(*notypes are constant within blocks; and because of 
the bilge population involved, with 40 replications within parents and 
within generations, errois arc* reduec'd to a ininimum. Aeeejiting, 
then, the erroi’s obtained bv the* analysis of variance within parents 
and g(*nerations, it is possible* to dc'iuonstrale a small but significant 
diffeivnee between inbrc'd lines. How<»vc*r, the* differenc(*s e\hihit(*d 
in this stage of earlin(*ss in this particular cross in the ye»ar 1938 we*re 
so small as to be* negligible in a practical consid(‘ration of earliness in 
general. In other yeai*s, und(*r diffeivnl environmental conditions, 
when the character wxnild include another factor, blossom drop, it 
might prove* to be* highly important. 

PERIOD FRO.M FIRST FRUIT SET TO FIRST C’OMPLETE l'e)U)R rHANGB 

Fi-om table* 1, it can be* se*e*n that the Fvalue*s for te*sting significance 
of me*an differe*nee*s for the stage from first fruit set to fii-st (ompletc 
color eliange are* statistically significant for 9 of the* 10 blocks. A 
me*an of 49.81 ±0.480 days was obtaine'd for the* Re*d (hirrant variety 
of tomato, w'hile* the ealculate*d mc'an for the Jeihannisfemer variety 
was 52.09±0.397 days. A pare*ntal mc'on difl*ere*nee of 2.28±0.023 
days is thus shown. ‘ The Fi ge*ne*ration shows heterosis, with a ge*n- 
eration mean of 40.07 ±0.520 days, and eh'arly can conform in no 
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way to oitluT llu* arilhmotio mean (JjO.OfliO.Sll clays) or the* goo- 
mot ric moan (50.94 clays) obtaiiUHl from the moans of tlio paroiits. 

The- F 2 moan of 47.7*6^-0.430 clays conforms closely to tlio pjwlictocl 
moan of 48.44±0.311 clays oblainc»cl by use of Wright’s formula. The* 
clifforonco bot\vc*on iuc*ans of 0.68i0.531 clay is not statistically sig¬ 
nificant. It is possible by soloction within Iho Fj generation to obtain 
Fa strains that are at loas't 6 clays oarlic'r than the Rc*cl Currant parent 
in the* i)eric)cl fnmi first fruit sot to first complete color change. Table* 
3 lists 10 such sc*lc*ctc‘cl F, strains, together with their standard errors. 

Table 3 .- Tabulation, in mean niimhci of daySy for Ifu pi nod fioni fust ft nit set 
to first compleU coloi changt oj the paiints, the F\ and Fi gem i at ions, and tht 
early sihcted F\ strains 
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to first Cdiniileti nrloi (hriTit'e 

PERIOD FROM PLANTING TO FIRST COMPLETE roU)R ('HANGK 

As one would ('\p('ct from lablt* 1 , if siti!:iiific«nrp is ohtaint^d for 
strains” in anv of the Mirions slajrrs of oarlincss and no 
compensatinjr dirt'ctional (‘ffoct between stapt's is in (‘videnee, sijr. 
nifieanee must of necessity be present in the summation of all slajrt's 
from planting to first complete* color chaiij^t*. It will be not 'd in 
staj^e 5 (see table 1) that tin* odds are jjn'ater than fiO: 1 in all blocks 
apiinst tin* occurnmee by chance of such a distribution of strain 
means. Table 4 reprc'sents a summation of all the data on staj>:(*s of 
('arliiu'ss for tin* pan*nts, the Fj generation, and the Fj p:eneration. 

It is shown in all cases except stajje 3, wdiere only miniitt* difb'n'iices 
are deinonstrabh*, that the differences b(»lween par(*nts are all in the 
same direction. Tin* final mean difference exhibit(*d between the 
inbred lines is .*5.41^:0.054 days and is h»ss than tin* m(*an ditfcK'nce 
showui in the same parents up to the date of fimt bloom before liad 
damage occurred. In yearn when injuiy does not occur/ f?r(*ater 
differences between parents ma> be expecl(*d than an* nol(*<l hen*. 

The Fi generation in stajyc* 5 shows jnark(*d heterosis in earliness as 
a result of summation of effects show^n in stufjes 2 and 4. The iin*an 
of the Fj fjeneration lies b(»twT*eii tin* int'ans of the Fi p'lieration and 
the earlier parent, as it did in stajje 4, wdiore heterosis in the earliin*ss 
of the Fj i^eneration W’as also noted. The mean of the F 2 |?eneration 
is ci(»arly predi(*table, as it is in all stages of enrliin'ss after hail damage* 
occurred, in which the calculations are based on the assumptions that 
the eff(*cts of the genes are geometrically cumulative and that domi¬ 
nance as exhibitecl by the Fi generation must be taken into account. 

Tli(* F 3 strains that showed earliness wh(*n the period from planting 
to first complete color change W'as used as a criterion w'ere those 
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slmiiis that cxliibilrd oarlinoss in a particular sta|r(‘. In soiik' eases 
earliiH'ss in one stage was ('oin])cnsatcd by lateness in annther stage, 
and the n^sult was a strain of no value as far as earliin^ss in general 
is concerned. 

It is of interest to examine the results of the analyses of variance 
for ‘‘between replications.” >\helher position in th(‘ Held materially 
affects thes(‘ stages of earliness may be det(»rmin(»d from tin* corre- 
s])onding /’values. In IJ cases the /’values (see'tabJe 1) are of suffi¬ 
cient magnitude to give P values as low as or lower than O-Of). In the 
character, p(*riod from first fruit set to first complete color change, 
four blocks showed significant F values and, in all cases, this was 
reliected in the same blocks by significance for “between replications” 
ill the summation of all stages from planting to fii-st complete color 
change. 


Tajuk J.- CompltU analysis of (ailimssy shoving gnuiatiun nuans in days uiih 
thfii standard nrors jot the vaiions stages oj rath mss 
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Since in 11 cases the F \alu(»s for “t)(*tW(M*n r(*plicalions” were 
statistically significant, it is ap])arenl that stages of earliness arc 
affected by llie environiiKMital infliKMUTS ri*presenti*(l by position in the 
givenhouse or fi(*ld, or both. Further, from the fact that a majority 
of the statistically significant /’values of the n‘plications fall within 
the j)(»riod from first fruit set to fii*sl color change and tin* entire tiim* 
from ])lanting to first color change*, one may conclude that as r(*gards 
this cross tlie stage from first fruit s(»t to first color change is more 
afiVcled liv jMisition in the field than are the other stag(*s of earlin(*ss. 

SUMMARY 

A population of r),7(i0 plants of a ci-oss betw(»(»ii Lycopernicon 
(ficuttntiim Mill, and L, pimpineUifoVnnn (Jusl.) Mill., wdiiclrincluded 
both ])arents, the Fi gen(*ration, and the advanced g(*n(‘rutions, was 
grown at Cheyenne, Wyo., in H)38. Earliness was broken up into 
its constituent stages, and the number of days for (*ach stage w^as 
i'(*corded for t*ach plant. 

Before hail damage tin* parents showed a diflerencc* of 7 days 
betw'(‘en m(*ans in llie ])eriod from planting to the date of first bloom. 
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Tho mean of the Fi generation was siguifieantly higher than that of 
the earlier pai'ont and differed significantly from both withmetic and 
geometric means of the parents. The actual F2 mean did not conform 
to the predieitHl Fj mean based on the assumptions that the effects of 
the genes are geometrically cumulative and that dominance as 
exhibited by the Fj generation must he taken into aceomit. It is 
possible, by selection of Fj plants, to obtain F3 strains that are earlier 
than either parent in tliis st>^;e of earliness. 

After hail damage, there was a difference of only 4 days between 
the means of the parents in datt' of first bloom. The Fi strains that 
showed earliness in date of first bloom before hail sliowed no indications 
of earliness in date of first bloom after hail. The period from planting 
of seed to date of first bloom after hail was found to be sliorter for 
tho Fi generation than for either of the parents or for any other 
generation. The Fj mean is clearly predictable in this sta^e of 
earliness if one assumes that the effects of Uie genes are gwimetrically 
cumulative and that dominance ns exliibited by the Fi generation 
must he taken into account. 

Only minute difference's are demonstrable in the period from first 
bloom to fii'st fruit set after hail, ainl the eliffe'rences are found to he so 
small 08 to be negligible in a proc'tical breeding program. 

Significant differences are demonstrable between the parents in tin* 
period from first fruit set to first complete color change. The Fi 
genemtion shows heterosis in tliis stage of earliness, and the F2 
generation mean is predictable if one assumes cumulative gene effects, 
taking into account dominance as shown by the Fi generation. It is 
possible by sele<*tion to obtain Fj strains that are earlii'r than either 
pan'nt in this stage of earliness. 

Any differences noted in earliness, when number of days from plant¬ 
ing of the seed to first complete color change is the criterion, are merely 
tlie result of a summation of stage differences as regards the present 
study. 



THE BUFFER CAl^ACITY OF THE BLOOD OF THE SIXTH- 
INSTAR SOUTHERN ARMYWORM (PRODENIA ERI- 
DANIA)' 

By Fh^nk H. Bibebs 

Ansoeiate biochemint, Division of Conhol InvesUgations, linnav of FMtoinoloqii and 
Plant Qiiamntinf, rniU-d Stales Department of-Agricidlnie 

INTRODUCTION 

It is well known that l)inckoniical loactions lako place in buircml 
media and that minor changes in liydi-ogen-ion eoneeiitration can 
affect profoundly the eourae of reaclioivs. In the hlood of man a varia¬ 
tion of more than ±0.1 pll from the normal 7.4 is eonsideretl patho¬ 
logical, and a chnirge greater than ±0.4 pH is usually fatal. The 
pH of the blood is maintained within these narrow limits by a system 
of buffers whose action is well understood. The buffer effect of tlie 
various constituents of the blood, as well as its buffer capacity 
under both nomial and pathological conditions, has l>een studied by 
Peters and Van Slyke {IJfY and others. 

The blood of several marine invertebrates has also been found to 
be well buffered. Kedtield et al. {10) summarized the early work in this 
Held and showed that heiuocyanin was the main buffer in tlic blood 
of Llnn/lvn polyphemvif. 

The buffi'r capacity of the blood (ff only a few ins(>cts si'cms to have 
been investigated, Init the blooil of those studii'd is w»*ll buffcrwl. 

The limits w'ithin w'hich the pH of insect booil can range without 
resulting in the di'ath of the insect appear not to have been ilider- 
mined. The variation from species to species and between indi¬ 
viduals of tbe same species, however, is rather lai-gi'. The pll of 
the blood of si'veral s|)ecies, as determined by Ivocian and Spa^ek 
(10), Bodine (4), Ludwig (11), Babel's (/), and olbers, varied be¬ 
tween ().0 and 7.3. Koeian ami Spn6ek found that in the same 
species the blood fiiun individual insects might vary ns much as 
0.4 pH. 

The blood of Jlytincus niargltiallH L. was alkaline to litmus, acconling 
to Bairatt and Arnold (2), and remained so when an e(|UHl volume of 
0.03 N hydrochloric acid was added, but it became acid when an 
eipial volume of 0.1 N acid was uswl. The same authoi's found the 
blood of Hydrophihttt piety'< (L.) to be alkaline to litmus but neutral 
when an equal volume of 0.02r> N acid was added. (Vaig and (’lark 
(7) titrated the blood of Pierin rajtat L. and lltliolhin armigtra (Hbn.) 
(Tl. ohsolfla (F.)U with 0.1 N acid and alkali anil determined the 
buffer capacity of the two bloods. These authors give the pH of the 
blood of P. rapae larvae as 7.17. This value is of interest because of tbe 
relative scarcity of reports of alkaline insect blood, and also because 

' lor irubliciihoii Mixn'li 1, HHI 
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Fink (9), using colorimetric methods, found the blood of this larva 
to \ uiy between pH 6.2 and 6.4. Using the glass electrode^, the present 
writer has found (unpublished results) the average pH of the blood 
of this insect to ho 6.52. Brocher (5) found the blood of /^ bramcae 
(L.) to be well buffered. She attributed the buffering pow(»r to 
phosphates, wliich she found to be present in ().02-molar concentra¬ 
tion. Duval and Portier (S), using a numlx^r of species, found the 
hvdrogeii-ion concentration of the blood to be very stable. They 
also attributcMl the buffering power to the pr(»sence of phosphates. 
Tl)e blood of Bomhyx mort L. had an acidity equivalent to 0.46 gm. of 
oxalic acid p<»r 100 cc. when Nazari (13) titrated samples to phenol- 
phthalein with 0.1 N potassium hydroxide. 

At the present time large numbers of the southern armyworm 
(Prodenia efidania (Cram.)) are being us(kI in various pljysiological 
and toxicological investigations. A knowledge of the buffer capacity 
of th(‘ bl(»od of the larvae of this insect and the effect of nicotiiu' 
vapor on its blood pH has become desirable. The pn^sent report is 
the result of such a study. 

MATERIALS AND METHODS 

Mature, activ(‘ly feeding sixth inslars that had been reared in 
grt'enhouse cag<*s on turnip and collard foliage wcw used. Blood was 
collected by snipping a proleg wdiile it was held und(‘r min(u*al oil. By 
this treatinent loss of carbon dioxide wiis held at a niinimujn, and flic 
dark(‘ning of th<‘ blood that occurs on exposure to air was greativ 
retarded. Wluui untixed blood was used in this manner the cells 
c'oagulated rapidly, but it was thought that more drastic changes 
might occur if h(‘at-fixed blood were used. Hydrogen-ion det(U*mina- 
lions w(‘re made on pooled samples of definite^ volume by the use of a 
small, ordinary bulb-type glass electrode in connection w\\ li a saturated 
calomel half-cell. The pH was read directly from a calibrated pot(»u- 
tiometer dial after a zero reading had been obtained l)y the us(' of a 
standard buffer; the dial could be read to about ±0.02 pH. Small 
increments of acid or alkali were added from a microburelte, and the 
nsulting ])H was read. Titration curves w^ere plotted in which tin* 
molar concentration of acid or alkali w^as the ordinate and the corre¬ 
sponding pll the abscissa. 

The buffer capacity, jS, is defined by Van Slyke (1?) as the “dif¬ 
ferential ratio dB/dpir, expressing the relatioji between the incre¬ 
ment (in gram-equivalents |)er liter) (»f slrojig base B added to a 
buffer solution and the resultant increment in pH. Increment of 
strong a<*id is equivalent to a negative incnumuit of base, or —dB.” 
Since the ijici*ement of j)H obtained w'hen acid is addcsl is also m^gative, 
the value p is always positive. If sufficiently small increments of 
alkali are us<»d. p can be calculat(‘d directly.' However, since p is 
ecpial to the tangent of the titration curve at tin' corresponding ])II, 
it is usually more convenient to obtain it in this niaimer, and this 
method was used in the determinations. Theoretical discussions of 
buffers and buffer capacities are given by Van Slyke (/7), Petei*s and 
Van Slyke (/.^), and Clark (fi). 

The carbon dioxide content w'as determined both on j)ooled samples 
and on the blood of individual larvae by the manonu'tric method of 
Van Slyke and Neill (18) as described by Petei*s and Van Slyko (15). 
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Aup 1,1941 Bujftr Capacitff of Blood of Styiithfrn Aimtjv^orm 

RESULTS 

The pll of llie lilood as di*awn iiiulor oil varied Ixdwoen fi.oO and 
6 75, with an a^eraf^e of 6.65. A com])osil(» titration curve from 
(lie several experiments is shown m Ufrure 1. The buffer-capacity 
curve in fijjun* 2 was obtained hy ])lottuig tlio s(‘veral values of jS 



l^KtCRE J. itriitic)!! t*iir\c* for the h(*iiiol\nii)li of 

urin\ woruH. 

obtained from tin* titration curve aj?ainst the corn‘spoii(ling pll value. 
The total carbon dioxide* content of ihe blood as drawn varieel betw(*en 
8.40 and 13.45 volumes percent, with a mean of J0.03, for 10 analyses, 
or about 4.51 millimol(*s per liter. 
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Biflliop (d) has found tbo dissociation constant, pK'j for tho blood 
of honeybee larva to be 6.1, the same value os that given by Peters 
and Van Slyke for human serum. If this value holds for the blood 
of tho southern armyworm, the ratio of bicarbonate to carbonate as 
obtained from the Henderson-Hasselbalch (14) equation 

(1) pH=pKMk«^' 

ranges from 3.55 to 1. 



Fkiiire2. ItufTer Ottparit} of thclicniotjiuphof si\th-iuMarsnullioriiannvworius 


The solubility coefficieut, a, of cai’boii dioxide in huintin sj'rum 
at 38“ C. is 0.92 times that of water. If the same ratio holds for 
larval blood, a at 25“ will In* 0.695. From the Ileuderson-Hassel- 
baleh equation in the forms 

(2) 7nA/[niCO,]=0.059 lop 

(3) /nJl/[BHCOd=[CO2]-0.0591a/) 


( 4 ) 


ICO.l 

^ 0.0591a(10«'"-«'*'+l) 
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the carbonic acid content of the larval blood as drawn is 0.99 millimole 
per liter, the bicarbonate content is 3.52 millimoles i)er liter, and 
the carbon dioxide tension (p) is 24.2 mm. of mercury. 

The late instars of tlie southern armyworm have been found by 
Richardson* to be very resistant to nicotine. Sixtli instars were 
therefore kept for 24 hours at room tempcTature in an atmosphere 
saturated with nicotine. The larvae, still alive although motionless, 
were then carefully washed with distilled water, the Idood was removed 
in the usual manner, and its plT determined. Although nicotine is a 
strong base, having a dissociation constant of 9X10“^ the pH of the 
blood was still its normal 6.65. Efforts were made to determine tlie 
amount of nicotine^ in the blood, but they were not entirely successful. 
The blood was made slightly alkaline with sodium hydroxide* and 
distilled. The distillate had a distinct odor of nicotine, but the color 
obtained after treatment with Markwood's (12) reagents could not 
be matched directly with that of a nicotine standard. Since ammonia 
interferes with this test, the difficulty was probably due to the presence 
of ammonia, which was formed during the distillation from the urea 
and uric acid nonnally pres(»nt in the Idood. A match in colors was 
finally obtained by use of a Wratten S No. 58 filter, but too much faith 
caiuiot be placed in the cjuantitativc nature of the result, liy this 
in(*tho(l the blood contained 7.15 mg. of nicotine alkaloid per 100 ml. 

DISCUSSION 

Since most metabolic waste products of animal origin are acid, one 
w^ould e\|)ect the blood to be buffered mainly on the acid side. In the 
bloods that have been studied this has been found to be true. 

The buffering i)ower of human blood is due mainly to the alkaline 
salts of the proteins, hemoglobin being the most efficient, and t(» the 
bicarbonales. For the neutralization of ^olatill* acids such as car¬ 
bonic, hemoglobin is the most efficient })ecause of its buffering action. 
For tlie neutralization of nonvolatile acids such as jS-livdioxybutyric 
the bicarbonates an* (‘Ifective, not bwause of a true buffer aciion, but 
because of the efficiency of the lungs in removing the carbon dioxide 
that is liberated. 

Since the buir(»r capacit^\ is dependent on the concentration of the 
buffer material, the inorganic piiosphates play only a minor i*ole in 
the buffer system of human blood. Only 3 to 4 mg. of inorganic 
phosphorus is present per 100 ml. of blood, corresj)onding to about 
a 0.001-molar solution, and it has been found that nomially blood 
can neutralize about 28 ml. of normal acid per liter within the physio¬ 
logical rang<*. 

At its avc*rage normal pll of 6.65 the blood of the southern army- 
worm has a buffer cajiacity of 0.022, wdiich is approximat(‘ly equivalent 
to a 0.038-molar solution and compares wntli the buffer capacity of 
0.0228 for human blood at pH 7.4, as reported by Van Slyke (7?). 

In the insects whose buffer systems have been studied heinoglobin 
and hemocyanin do not occur; the buffering power of the blood is 
therefore due to an entirely differ(*nt system fix)in that of man and 
the marine invertebrates. The carbon dioxide content of human 
blood is between 45 and 60 volumes ])ercent, about 95 percent of 
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which is combined ns bicarbonate. In insects the total carlwn dioxide 
content is much lower, the blood of the southern armyworm contain- 
im; only nlwut 10 volumes percent, which corresponds to apjunxi- 
mately *4.5 millimoles per liter, 3.52 millimoles, or 78 percent, of whicli 
is in the form of bicarbonate. Becausi* of the small amount present 
it seems unlikely that bicarUmati'S are as active us buffers ns they 
are in the higher animals. Tliey <lo proliably play some part, how¬ 
ever. In the lioneybei*, where the avi'rage carbon dio.xide content of 
the lilood was found by Bisliop (.')) to lie 20.2 volumes percent, the 
bicarl>onnt(‘s may play a more imjmrtant lole. 

That comiMiunds other than the stdts of the weak acids are re.si>on- 
sibh* for a considerable part of tin* bufferuig power of the blood of the 
insect is apjiarent from a consideration of the lipures obtaimsl by 
chemical analysis (/). Of the acids whose salts might act as buffers, 
inorganic phosphoius was 0.0055 molar, uric acid 0.00088 nudar, and 
bicarlionates 0,00352 molar, a total ecpial to about a 0.01-molar solu¬ 
tion. It must lie noted, however, that the most effective buffer range 
of tin* salts of these acids is very near the normal pH of the insert 
Idood. Van Slvke (/?) liassbow’ii that the inaximiim buffer effect is 
exerted when pH =^pK'. For the phospliates, urates, and liicarbonates 
these points are 0.8, 5.04, and 0.1, r(*sptrtivelv. 

It has been shown (/.f, p. S92), howewer, that, in addition to the 
inorganic phosphate's, certain phospliorus-i'oiitaining eirganie ceun- 
pounds also aed as buffeiw in human bleieid. It is therefore' preibable 
that at least part e>f tlie> organic phosphorus in armyw’einn lilooel is 
likewise available*. This w'oiild, of couiwc, re'elucetlu* buffe>l•ingpe»wer 
1 mae‘counte'd for, because the larval blood e'ontains about 105 mg. eif 
eirganic ])hoaphorus per 100 ml., or about 0.034 nieile ])er lile'i*. 

In human bleieiel tlie* content of the' amino acids is so low' Hint their 
slight buffe'i’ing e'ffe'ct is e'.xerte'el far from the* neutral peiint. In inse'e-t 
blemel, how'e've'r, the' amine) ae-iels are pre'si'iit in large* quaiitilie*s; the 
soiithe'iTi annyworin laivul blood, for instane*e*, contains 2.352 gin. 
e)f amine) nitmgen pe*r lile'r, which corre*.spe)nels to about a O.Ki-molar 
se)lution of amino acieis. It is probable*, the'refore', that salts of amino 
ae’iels and salts of pre)te*ins also play a e‘onsiele*rnble j)art in the* buffe*ring 
system eif the* inse'ct’s bloeeel. 

It is pix)bable that in inse*cts diffusieen will a(*e*e)unt for both the 
intake* e)f e)xyge*n anel the e'limination of e*arbon elieixiele. The* in8e*e*t 
jiosse'sse's a e'ire'ulatoiy system by which the he'inolymph is kept in 
e*ire*ulation, but s») fai* as is kneewn no e*.xpe*rime*nts have* bee*n made 
that we)ulel show a eliffe*re*nce* in composition at any stage e)f the e*ir- 
e*ulatoiy pixice'ss. In man the* re'action of the* blood is ele*pe*nele*nl on 
the IHlfOj/HaCOa ratie), w'hich in tuni is dete*rmini'el by tlie* ratie) of 
carbon eiioxide proelue*lion to e'limination, w'hile the BllCO., conce*n- 
1 ration de'pe'iuls on the* tHuount of alkali in the body that is ue)t com- 
bine'd with ae'ids other than carbonie*. The* alknlinity of the* blood as 
shown by the* ])H is a me*asure of the e*flicie*ncy of the sysle'm, a low 
pH being elire*ct evidence of the impairment of e'fficiency. It also 
see'ins preibable* that the le)W' pll of inse'cts’ blood, Ix'ing usually far 
on the acid side, is due, in some part at least, to inefficienc*y in the 
e*arbon eiioxide excretory mechanism. 
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Bvffer Capacity oj Blood oj Southern Armymorm 
SUMMARY 

The buffer capacity of tlie blood of sixth instars of the southern 
arinjnvorm {Prodenia eridanla ((^ram.)) lias been det(‘rniine(l from 
titration curves. This value at pH b.tio, the normal for the blood, i'- 
0 . 022 . 

The total carbon dioxide content of freshly drawn blood is lO.OIi 
volumes ix'rcent, eorn^sponding to 4.51 inillimores per liter. Of this, 
3.52 millimoles is combined as bicarbonate and 0.90 millimole as 
carbonic acid. 

Hlood from larvae kej)! in an atmosphere saturated with nicotine for 
24 houi-s did not change in pH, although th(‘ blood had absorbed 
considerable nicotine. 

The buffering power of the blood is probably du(» to th(» pn'senee of 
biearbonates, |)lios])hat(‘s, urates, and the salts of the ])roteins. The 
phosphorus-containing organic compounds and tin^ amino acids also 
probably ])lay an important role in the buffcu* systcun. 
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SURVIVAL AND DEVELOPMENT AT LOW TEMPERA¬ 
TURES OF EGGS AND PREINFECTIVE LARVAE OF 
HORSE STRONGYLES ‘ 

By John T. Lucker 

Asttocmie zoologtstf Zoological Divtaion, Bureau of Animal Industry^ United States 
Department of Agriculture 


INTRODUCTION 

Tlip preparasitir, or froe-living phase, of the life cycle of tlio 
stroiigylid nematodes parasitic in horses includes the egg, the first- 
aiid second-stage preinfective larvae, and the ensheathed or infective 
larva. Among strongyles generally, thc'se stages are Aulnerable to 
the effects of environmental factoi*s. Temperature, moisture, and 
sunlight are generally considered to be the most important natural 
influences affecting tne survival and development of nc^matode eggs 
and larvae. 

Studies in which tlie effects of but a single factor of the environ¬ 
mental complex are investigated either in laboratory or oufd or 
experiments have been criticized as academic and of doubtful prac¬ 
tical sijniificance, since in nature the various elements of the complex 
ordinarily function simultaneously as detenninants of the survival 
and developiiKUit of eggs and larvae. Fi(*ld studies in which the effect 
of the envii*onment as a whole may be determined are undoubtedly 
of great value. However, the results of such studies have validity 
under identical or very similar conditions only. Even in tlie same 
locality meteorological con<litions rarely or never are duplicated from 
year to year. Moreov(‘r, by themselves, such studies cannot demon¬ 
strate which factor or factors in tlie (*omplex caused th(' observed 
result or the degree to which each participated in the residt. Hence, 
both ty])es of investigation apparently have tlieir limitations, and 
the fonmiiation of generalizations, interpretations, and expressions 
of probability, so far as that is possible and advisable, should be based 
on the information elicited by investigations of both types. 

In all experim('nta reported in this paper, desiccation, excess mois¬ 
ture, and direct sunlight were eliminated or miniinized as causative 
factors and, consequently, temperature was the principal (‘huiient in 
the causation of tilie observe<l experimental results. 

The specific objectives of tlie investigation were to determine (1) 
the resistance of the eggs and preinfective larvae of horae strongyles 
to subfreezing temperatures; (2) the survival time of these stages at 
a mean temperature of 36° F., which presumably would inliibit 
appreciable development; and (3) the survival and development of 
these stages in feces exposed to Umperatures prevailing during winter 
and early spring in tlie vicinity of the United States Department of 
Agriculture, Beltsville Research Center, Beltsville, Md., where all the 
experiment s were conducted in 1938 and 1939. 

1 Kooeived for publication March 23,1941. 


^ur^ of AKTicaltural Rcbearch. 
Washington, D. C. 


Vol.03,No.4 
Ang. 15,1941 
Key No. A-m 


411937- ’ 


(193) 







194 


Jmrtud oj AgrievUnral Bttwareh 


> (it. 63, No 4 


Hie resistance of infective horse strongylc larvao to cold was not 
studied since, as a result of work by otlier investigatOTs, it apj^ears 
to bo well established that these larvae can endure very low winter 
temperatures. The observations on infective larvae that are included 
in tlus paper are, tben‘fore, merely incidental to the principal objec¬ 
tives. The effects of cold on the eggs and preinfective larvae also 
have been invi'stigated b^ others, but definite information on this 
bubject appears to be lacking. 

REVIEW OF LITERATURE 

Albrecht (/)• stated that cold delays the development of horse 
Btrongyle eggs but does not exert on injurious effect on them. Hueber 
(7) reporteil that the wgs withstand cold for a long time. Dc Blieck 
aud Baudot (4) found that raid hinders development of the ('ggs. 
Tliey oliserved Hint (‘ggs kept for 12 days at ( 1 ° C. did not hatch, but 
many contained living larvae. According to Uiese auUiors, eggs in 
the morula stage kept at 0® C. for 12 days did not undergo develop¬ 
ment but retained their vitality. However, when exposed to temper¬ 
atures ranging from —15® to —20® for 6 hours, all eggs were killed. 
Oackstatter (6') rejiortcd tliat hard freezing for 15 days of e^ in 
focal balls, or for 10 days in feces that had been broken up, did not 
reduce the vitality of (he eggs but merely arrested their development. 
This author also noted that eggs kept for 10 days at 2® to 3® C. were 
still capable of development. 

According to Enigk (5), uterine cgp on agar cultun>8 were not all 
killed at —8® C. in 45 days, but none developed after 56 davs at (his 
temperature. Enigk reported, however, that fresh fecal pellets kept 
at —8® for 55 days yielded seveitil colonies of larvae when the feces 
were cultured. A few small colonies also developed in culturra con¬ 
sisting of pellets tliat had been broken up an<l exposed at tins teniper- 
alure for 41 days. Wetzel (IS) stated that a rather liigh percentage 
of eggs of Strongylva equitius tolerated freezing temperatures near 
0 ® C. for several hours. 

Parnell (5) stated that horse stron^le eggs, before embryonation, 
are veiy resistant to the extremes of temperature and clunate en¬ 
countered in Canada. He reported that the continual low tempera¬ 
tures of a st'vere Canadian winti'r were insufficient to kill“sclerostome” 
eggs, that these temperatures merely inliibitiKl development, aud that 
the eggs ombryonated and liatched normally in the spring. He also 
stated that ombryonated eggs arc much less resistant and are rela¬ 
tively easily killed. He gave no experimental basis for these statements 
but later (fO) described an experiment in which feces containing eggs 
and feces containing other free-living stages were exposed to \nnter 
temperatures on hfoutreal Island for 3% months, apparently from 
December 3, 1934, to April 1, 1935. The average mean temperature 
in that vicinity is given as —15® C. in January; daily fluctuations in 
temperature may he considerable. Cultures prepared in the spring 
from the feces that had originally contained unembryonated eggs 
yielded infective larvae. The experiment was interpreted in part as 
mdicating tlie great resistance of the eggs to cold. 

Baker, Salisbiuy, and Britton (S) reported recently that in an experi¬ 
ment in the vicinity of Ithaca, N. Y., overwintering of hors| strongyle 

t Itabc numbers in pwenthesos refer to Literature Cited, p. 217. 
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eggs on ])osture was apparently letlial to 68 pereent of these eggs in 
manure deposited normally and to 100 percent of the eggs in feces 
spread in a thin layer. 

Observations on tlie survival of preinfective horse strongyle larvae 
at low temperatures are scant. De Blieck and Baudet (4) found that 
all newly hatchc'd rhabditiform larvae placed in water and exposed 
at —15® to —20® C. were killed in 6 hours. Wetzel (IS) stated that a 
rather high percentage of preinfective larvae of Sfrongyivs cquinvs 
txilerated freezing temperatures near 0® C. for several hours. Parnell (.9) 
stated that the free-feeding larval stages are much less resistant than 
the eggs and aiH' relatively easily kilkd. LaU'r, on the basis of the 
experiment already mejitioned, he (10) n^peated tliis statement. 

Parnell (9) also'stated that frequent alternate freezing and thawing 
can be reliecl on to kill tin* free-living sttigcs of horse strongyles. His 
previously mentioned expc'riment (10) was interpreted as indicating 
the susceptibility of all free-living stages of these parasites to violent 
and frequent lluctuations in temperature. Similar but somewhat 
nior(‘ specific views were expressed by Britton (3) in a summary of 
the work of several investigators on the factors affecting the* viability 
and development of free-living stages of horse strongyles. He stated 
that '*alt<*riiate freezing and thawing can be relied upon to kill all 
preparasitic stages providing the thaw does not last longer than two 
weeks/’ and ‘Miiruig a thaw many eggs which are lying dormant on 
the field will hatch and the preinf(‘ctive stages develop slowly and if 
tlie thaw' IS followed by freezing temperalun*s lh(*se forms will be 
killed as they are susceptible to these t(*mperatures.” Examination 
of the papers enuni(*rated by Britton in connection with his summary 
has fail(»d to reveal the exact counterpart of these statenusits. Thc'v 
rej)resent in jiart his interpn'tation of (he literature that ho reviewed. 

Wetz<*l (IS) stat(*d that an analysis of temperature data for a oO- 
year period show'ed that at Hanover, (lermany, development of in- 
feidive larvae of Strongylm eqmnvf< in the open seems possible from 
about the middle of March until the middle of November in a normal 
year. 

To summarize, it has been shown in laboratory experiments that 
hoi'Se strongyle eggs are moderately resistant to subfreezing temyicra- 
tures, but the degree of their n*sistance has not been defined precisely. 
The results of one of the two reported outdoor experim(*nts on the 
effects of cold on the eggs appear to be inconsistent wdth the laboratory 
findings. Precise information as to the ability of the jireinfective 
larvae to withstand fre(‘zing is lacking. It is known that these larvae 
are less resistant than the eggs, but the available evidence does not 
permit a more exact comparison. The ability of eggs and preinfec*- 
tive lai'vae to survive at temperatures slightly above the fK*ezing 
point scarcely has been explored. The literature contains statements 
as to the susceptibility of all free-living stages to alternate freezing 
and thawing and to violent fluctuations in winter temperatures, but, 
in the writer’s opinion, tlii*se statements rest on inference rather than 
on conclusive experimental evidence so far as the effects of these 
changes on eggs and preinfective larvae are concemc'd. 

METHODS AND PROCEDURE 

The feces used in this investigation, which included both laboratory 
and outdoor experiments, contained the free-living stages of species 
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of StronayluB and of the subfamily Cyathoatominao, tbe latter pre¬ 
dominating. It was not determininl whether the free-living stages of 
these two closely related systematic groups react differently to low 
temperatures. The experimental results apply to the free-living 
st^es of horse stron^les in general. 

The ftsses used in ml experiments were eoUected 2 hours or leas after 
being passed. Feces col^ted from several horses were used in tlie 
investigation. However, only feces from the same collection and 
from one horse were used for the cultures of an individual experiment. 
In some cases feera of a single collection from one hoi-se were used in 
more than one experiment. Immediately after oolle<*tion, the fecal 
pellets were broken up, and weighed portions of the well-mixed fecal 
mass were placed in wide-mouthed glass bottlra or jars 

In all experiments involving the exposure of eggs, the bottles con¬ 
taining the feces to serve as control cultures were immediately covered 
with glass lids, and after they had been kept for a week or more at 
room temperature ¥.), the feces were examined for infective 

larvae. 

In (he laboratory experiments the following procedure was used: 
To test tlie resistance of unerabryonated eggs to subfreezing tempera¬ 
tures, the test bottles were corked, as a rule, and immethately placed 
in the freezing compartment of an electric household refrurerator. 
Exceptionally, glass lids were used to cover bottle's during etposure. 
Following the desired exposure, the bottles were removed from the 
freezer and kept at room temperatme for a week or more before the 
feces were examined for infective larvae. If the bottles had been 
corked during exposiue, glass lids were substituted for the corks when 
the bottles wore removeiT from the freezer. 

To test the effect of embryonation on the resistance of tlie eggs to 
subfroezing temperatures, the procedure was essentially the same as in 
the experiments with the unembryonated eggs. For purposes of 
ramparison, bottles of one series were immediately corked and placed 
in the freezer and bottles of a second series were covered with glass 
lids and kept at room temperature long enough to permit the eggs to 
embryonate. They were then corked and placed in the freezer. 

To test the effect, on the eggs, of continuous exposure to a mean 
temperature of about 36° F., the test bottles were covered with glass 
lids and placetl in a large cooler, the temperature of which was ri^u- 
lated with a thermostat. From time to time, as was necessary, 
water was added to each bottle to keep the feces moist. When, after 
exposure, the bottles were removed from the cooler tliey were kept at 
room temperature for at least a week before the feces were examined for 
infective larvae. 

The procedures involved in determining the effects of repeated freez¬ 
ing ana thawing were^ somewhat complicated and cousecpiently are 
best shown in connection with the results. However, as m the pro¬ 
cedures already described, the test bottles were corked wMe in the 
freezer but were covered with {|^ass lids when th<^ were removed for 
exposure to room temperatiure. 

In experiments in which feces containing unembryonated eggs were 

I ilaced outdoors to observe the effects of winter temperatures on the 
tee-liviim stagm, the test bottles were covered writh glass lids at aU 
times. The number of eggs per gram of tbe fresh mixed feees used for 
the preparation of cultures was determined. At intervals two or 
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three of the test bottles were brought indoors after identical exposure. 
When the bottles were brought into the laboratoiy, usually the egg 
count per gram of exposed feces, and invariably the number of larvae 
per culture, were determined. One bottle was kept at room tempera¬ 
ture at least 1 week, and the feces were then examined for infective 
lar\^ae. 

In both the laboratory and outdoor experiments to test the effects 
of cold on preinfectivc larvae, the bottles containitig the feces were 
covered with glass lids and kept at room tenijierature long enough to 
permit the desiied stage to develop. The test cultures \vere then 
exposed, and the control cultures were immediately examined for 
larvae unless otherwise indicated in the tables, i'or exj)osure of 
I)reinfective larvae to subfreezing temperatures or to a mean tempera¬ 
ture of about 30® F., other procedure was the same as in the respective 
experiments ydth eggs, except that the tost cultures were examined 
only for surviving larvae immediately on removal from the freezer or 
cooler, unless otherwise indicated in the tables. At various intervals 
during the outdoor experimejit, two identically exposed cultures 
usually w ere brought into the laboratory at a time. One was examined 
imme(liately for larvae and the other for infective larvae after it had 
been kept at room temperature for about a week. 

To detennin(‘ the temperatures to which feces were exposed in the 
freezing e\])eriments, a maximum and minimum recording thermom¬ 
eter was kept in the compartment, as a rule. The temperature range 
was noted whenever cultures were muoved from the freezer and the 
indices were reset. In some experiments, laboratory thermometers 
were kept in the compartment and the temperature was noted at fre- 
(pient intervals. These themioiiictei’s and the metal back of the maxi¬ 
mum and minimum thermometer were in contact with the metal coil 
in which the refrigerant circulated or with a thin layer of ice covering 
the coil. The bottoms and sometimes the sides of the bottles contain¬ 
ing the feces were in contact wdth the same surface. The actual tem¬ 
perature of the feces was judged to be similar to that registered by the 
tlierinometers. It w’^as noted, however, that the temperature of the 
air ill the compartment was somewhat above that recorded by ther- 
inometei’s placed as lias been described. A thermometer connected 
with the thermostat was frequently read to determine the variation in 
the temperature of the cooler. 

A maximum and minimum thermometer was kept at the site of ea(*h 
outdoor experiment. The temperature range was noted each time 
that cultures were brought into the laboratoiy and the indices were 
reset. 

The bottles in\olvcd in outdoor experimenls, us well as the Iher- 
inonu'ter used to record tempiTaturc's, were in the shade at aU times. 
Thus the feces w'(*re protected from direct sunlight. Since the bottles 
were covered, the feces were also pmtected from wetting by snow or 
rain and from appreciable desiccation. The possible mimical influ¬ 
ences, therefore, so far as survival and development of the eggs and 
larvae are concerned, were largely limited to low temperatures and 
natural fluctuations in temperature. 

The Baermann isolation apparatus was used throughout this 
investigation for the recovery of preinfectivc and infective larvae from 
feces. As noted elsewhere, in most experiments involving recovery 
of preinfectivc larvae, a piece of silk bolting cloth w^as placixl on tlie 
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screen to reduce the passive descent of fecal particles and dead larvae. 
Fluid was not withdrawn from the hose for at least 48 hours after the 
feces had been placed on the screen. Usually the period that elapsed 
was much longer. Descent of lai-vae into the stem of the funnel of 
the Baermann apparatus was the criterion of their viability. Most of 
the preinfective iar\'ae were dead when Uie fluid was examined as 
these larvae usually live only a short time in water, even under 
favorable conditions. Succc'ssive withdrawals of flmd from the rubber 
hose attached to the stem of the funnel were continued until samples 
were found to be negative for larvae when inspected under the binoc¬ 
ular microscope. Fdlowing a process of sedimentation and centrif¬ 
ugation, the larvae recovered were concentrated in a small volume of 
water and counted. The counts were direct or by means of a dilution 
method, depending on the abundance of the larvae. A dilution 
teclmique was used in making egg counts. 

In certain experime^nts it was necessary to determine the develop¬ 
mental stag(‘s of the larvae recovered from cultures or to count pre¬ 
infective and infective* larvae diflferentially. As already indicated, 
most preinfective larvae died after remaining in contact with the fluid 
in the Baermami apparatus for 48 houm. Tliird-stage larvae, on the 
other haTid, survived very much longer. Therefore, in general all 
larvae that were dead or partly disintegrated at the time of examina¬ 
tion were counted as preinfective and all that were alive and of normal 
app<*arance were counted as tliird stage. How(*v('r, the siz(*, general 
appearance, and structime of the larvae were also used in diff(‘rentiat- 
ing them. These criteria were likewise used in distinguishing the 
various stages of development among preinfective larvae*—the first 
stage, second stage, or second (*cdysis. The appe'arance and organiza¬ 
tion of the iut(»stine were use'd to differentiate partly devi*loped from 
fully developed third-stage larvae, but if there was any doubt as to 
whether a larva should be considered infective or preinfective, it was 
classified as infective*. 

In tlie examination of some cultures, after the usual differential 
count with the dis'secting microscope had been completed, 0.075 c<‘. 
of a suspension of the larvae was also examined under a compound 
micixiscope and a second differential count of the larvae was made. 
Sometimes the larvae were tn»ated with an iodine solution to aid in 
det(*i*mining their morphological status. ITaually the total number 
of larvae recovered from the* culture was then calculated from the 
n*sults of the first count under the diss(*(*ting microscope and the 
numbers or percentages of larvae in the various developmental stages 
were calculated from the differential counts obtained by using the 
compound microscope. The detailed results of these examinations 
are too voluminous for inclusion with the experimental data. Unless 
otherwise indicated in the text or tables, all figures given in connection 
with experiments on proinfc'ctive larvae arc based on differential 
counts oDtained with the dissecting microscope only. 

LABORATORY EXPERIMENTS WITH EGGS 

EFFECT ON SURVIVAL OF UNEMBRYONATED EGGS OF CONTINUOUS EXPOSURE TO 
SUBFREEZING TEMPERATURES AND TO A MEAN TEMPERATURE OF 36<* F. 

As sliown ill table 1, in experiment 1 a small percentage of unem- 
biyonated eggs in a culture continuously frozen for 49 days were still 
alive, but in experiment 2 all eggs in cultures frozen for 48 days or 
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lon{;or were dead. A small percentage of eggs in leees frozen for 82 
days wore still alive in oxpenmeut 3. 


T\bie 1 .—Survival of unemhryonalrH horve slrongyU eggs in feee* eontinuovBly 
expoHedyfor indicated periodHy to svhfreczintj ternperaturvn and to a mean tempera’' 
Une of about F. 



Fx|ieriment No. 
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No. 

Weiiiht 
of foces 

Piniod of 
oxiKisure 

Appr(>\i- 
matu rauRp 
ol tcmiNiru- 
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mean tem- 
fierature of 
entire ox- 

Infpctivo 
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[ Hused on t ht* a\ crapo imnibor <if infpcf Ive larvot* r<»co\ rred from I he eont rol f-ulf iiros. 

2 Actually Au da>8. bat the culture bud thawed beifuintug about 24 hours earlier uwini; io an interiuplum 
in (>leetrical service. 

’ Contnil; unoxposed. 

* Maximum attained in the course of an IK-hour period btidnninK on the 2Kth day of exposure. 

> Maxuuum attained in the oounie of a fi-day iieriod befdnninR on the 69th day, nut 43” F. was exceeded 
diirinc onlv a brief imrf ol thin neriori; nlm mihiepteil tn mATimiiTn im nhnivn tn ftiofnnt a 4 fnr eiiltnnM 0 etiil in. 


mrded In the course ol Int^vals of not moro'thanl^ hours; also subje^'d to maxima*^ shownln footnote 5 
for niltures 11 and 12. 

' Maximum attained In the oourao of an 18-hour period lioRlnninR on the 69th day of exposure. 


Cultures containing unnmbr^onated eggs were also subjected to 
continuous freezing in connection with the experiments reported in 
tables 2 and 4. A small percentage of eggs in a culture frozen for 97 
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dayR yoilded infective larvae, as shown in table 2. In the experiment 
reported in table 4, about 28 days was the maximum exposure and, 
as in aU other experiments, an exposure of this duration was not 
lethal to all eg(^. 

Tlie proportion of eggs surviving roughly comparable periods of 
exposure in these five experiments varied widely, as is indicated by the 
relationships between tlu* number of infective larvae recovered from 
exposed an<l control cultures. One factor contributing to this result 
probably was valuation in tlu' total number of eggs in the feces com¬ 
prising the cultures of each experiment. This is regarded as a principal 
cause of the wide variation in the number of infective larvae recovered 
from the various control cultures of some of the* experiments. Dif¬ 
ference in extreme and mean temperatures of exposure pixibably was 
an additional factor in determining the pro])ortion of eggs surviving in 
comparably exposed test cultures. 

The experiments were, therefore, of limited (juantitative value. 
They definitely showed, however, that continuous (exposure to sub¬ 
freezing tem])(‘ratures ultimately exertc'd a pi-onouneed lethal ofTi'ct 
on uniunbryonati'd eggs. That" only a small proportion of eggs, oj* 
none at all, survived exposures of about 7 to 8 weeks at a mean tem¬ 
perature of about 14® to 21® F., is also a wanmited conclusion. That 
at a giv(»n range of subfreezing temperature the number of surviving 
eggs decreasi'd gradually as the duration of exposure increased, is 
strongly suggested by the data of these experiments as a whole. 

In the experiments involving exposure of unombryoiiati'd eggs in 
feces to a merm temperature of about 3G® F., veiy large proportions 
W(*n' killed by prolongerl exposure, as shown in tal)le 1. A small pro¬ 
portion suivhed an exposure of 195 days in one experiment. In the 
remaiiUTig two experiments the maximum periods of exposure were 
140 and 169 days, and tliese exposures also did not kill all the eggs. 
In two of the three experiments, about one-half of the eggs were still 
alive after being kept at about 36® for 3 to 4 weeks. In gen(»ral, the 
data strongly suggest that decrease in the number of viable eggs and 
increase in (iuration of exposure were related. But because of varia¬ 
bility in results, the experiments do not warrant quantitative conclu¬ 
sions with respi'ct to the rate of devitalization of the eggs. 

EFFECT OP EMBRYONATION ON RESISTANCE OF EGGS TO SUBFREEZING 
TEMPERATURES 

Einbiyonated eggs wi're much more readily killed than unenibiy- 
onated eggs in feces exposed to the same nmge of subfri^ezing tempera¬ 
tures (7® to 32® F.), as shown in table 2. That cultures 7 to 12, after 
incubation in the laboratoiy for 19 hours, contained mainly einbry- 
onated eggs when exposed was shown by examination of an identically 
incubated culture of the same lot. Four gi'ams of feces was removed 
fi*om this culture for an egg count. From the remaining 26 gm. only 
about 500 preinfectiye larvae were recovered. The egg count showed 
that the fences contained about 900 t*ggs per gi'am, that a majority of 
Uie eggs contained larvae, and that many of the remaining eggs were 
in the tadpole* stage of development. Since there was a small residue 
of segmenting eggs in the feces, these unembryonated eggs probably 
were the source of many of the infective larvae recovered from cul¬ 
tures 7 to 12 after the latter had been exposed and incubated at room 
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tcmporatim*. The experiment does not permit a conclusion as to Uie 
absolute resistance of the embryonal ed ep^. 

Table 2. Comparison of the survival of unemhryonaUd and embryonated eggs tn 
30-gm fecal cultures conttnuously expovedj foi indicated mttrvals, to suhfreezing 
temperatuns 


cultures containing only TJNEMBRYONATED egos (10. TO fi4CELL STAGES) 





Aptn'oxiinato 




Culture No. 

i 

Ptnotl of 
cxix)sure 

ranet of tem- 
ppraturcs at 
which cul- 
tunxworo 

Infective 
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survival ^ 
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or 
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H 
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21 3 
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29 

7 2u 
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7 7 

6 


24 

7-2»» 

2, 17(1 

£5 2 
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47 

7 12 

N'MI 

9 0 

5 

. 

ri(> 

7 22 
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2 4 

(1 


97 

7 22 

24 

4 
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11 

92b 

1,000 

10 0 
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2H 

7 20 
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1 8 



U 

7 2(> 

dO 

& 

l() 


4(> 

7 32 

80 

.8 

11 



7 22 

28 

.4 

12 


9() 

7 22 

1 

01 


1 Estiinat<*(l lui'an 1 1 mix luture or entire iMsriod ofcviKisiin, If)** P. 

SBu&ed oil tilt avoiHiie nmnlxii of infidite IniTdt ricovertd from thi control culturoii The control 
cultures Tor this < \|xiiment were the same us foi ivix rlincut 4 in tabic 1 
* bw tevt 


EFFECT OF ALTERNATE FREEZING AND THAWING OF FECES 

Survival of Unemhkionaied Eggs at Subereezing TEMPbRAiuREb 

To dcUTiniiic \thetlior a repetition of tlie physical changes involved 
ill freezing and thawing of feces would afl(‘ct the resistance of un- 
einbiyonated eggs to subfreezing temperatures, tlie various test 
cultures were frozen, removed from the fr(‘ezer, thawed at room 
teinp(‘rature, and frozen again fixmi 3 to 10 times before tfiey were 
finally incubated in tlie laboratory. To prevent a])preciable develop¬ 
ment of the eggs during tlie periods of thawings, the cultures were 
allowed to remain at room temperature only until all ice ciystals 
had melted and the feces had attained Uieir nomial consistency. 

Resistance of the <*ggs to a mean temperature of about 14° F. 
was not reduced by repeated freezing and thawing of the feces. This 
fact ib indicated by comparison of the number of infective larvae 
recovered from test cultures (table 3) and from those prepared fixim 
the same lot of feces but continuously frozen at similar temperatures 
(table 2). The mean subfreezing temperature of exposure of the 
series that was alternately frozen and thawed was lower than that 
of the continuously frozen series. 

It was impracticable to determine the actual temperature of the 
fecc‘s during the various thawings. However, it is evident from 
the results of the experiment that tlie procedure employed prevented 
apprmable development of the eggs during these periods, for em- 
bryonation decreases the resistance of the eggs to subfreezing tem¬ 
peratures, as has been shown previously. 
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Table 3. > Survival of unemhryonated eggs at suhfreezing temperatures as affected 
hy repeated freezing and thawing of SO^gm, cultures of feces 



Total 

duration 

of 

expoburo 

to 

subfreer- 

Inxtem- 

Approx¬ 
imate 
ranice of 

Times cultures 
aere— 

CiiHure 

No 

tempera¬ 
tures at 
ahich 
cultures 

— 

— 


lieratures 

exposedi 

Thawed 

Froren 


Dayt 

12 75 

op 

Number 

Number 

1 

11-21 

3 

4 

2 

28 50 

14-21 

4 

6 

3 

33 50 

10 21 

5 

6 

4 

46 50 

10 21 

0 

7 

5 

56 50 

7-21 

7 

8 

6 

06 25 

7-21 

10 

11 


iDtorvals between 
(1) inlual ezpoBore 
10 fl^eeune and (2) 
thawings 


Dayt 
0 75,6,11 6 
n 75, (I 11 5, U 75 
0 75, 8, 11 5, II 76, 
2*» 

’0 75. 6, 11 6, 14.75, 

0*75?6, 11 6, 14 75, 
J», 34,47 

0 75, 6, II 5, 11 75, 
20. 31, 47, 50, bl 5. 
43 76. 


Total 
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cultoiee 
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thaw¬ 

ing 
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cultureh] 
weie 
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after 
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thaw¬ 
ing 


Infective 
larvae 
recovered 
after In¬ 
cubation 
following 
final 
freesing 


Appar¬ 
ent sur¬ 
vival 4 


IJottrs 
b fl 
7 5 
*» 0 

1(1 5 
12 0 

17 6 


iJayn 
1 25 
13 76 

4 50 
12 50 
8 50 

12 50 


Number 

4.30Q 

3,000 

i,m 

b50 

875 

100 


PiTcent 
45 b 
31 8 
17 0 

09 
0 3 

1 1 


1 Ebtimated mean temiMiature of entire exposure penod, 14* F. 

* lliiiied on the average number of infective larvae recovered from the control cultures, the control cul¬ 
tures for this exiieriniont were the same as for exiwriment 4 in table 1. 


Potbntimj Yield of Infective Larvae 

As previously reported, embiyonati'd eggs were found to be more 
susceptible to subfreezing t(>niperatures tlian unembryonnted eggs. 
In experiments deseribed lat<T, nearly all preinfeetive larvae were 
killed by subfi'oezing temperatures in about 4 days ami manv were 
killed by much briefer eximsures. Thrae facts surest that horse 
feces passed outtloors in re^ons where freezing and thawing alternate 
frequently in winter and early spring are largely “sterilized” during 
thew seasons. It would seem that development would occur during 
periods of moderate temperatures and that succeeding subfreezing 
temperatures would readily kill the more susceptible stages mentioned. 
However, the degree of development and destruction would be deter¬ 
mined by the relaUonsliips prevailing between the variables of 
te^oraturo and time. 

To obtain more information on this point, an experiment was 
performed in which feces originally containing unembryonated eggs 
were alternattdy frozen and thawed under laboratory conditions. 
This experiment differed from the freezing and thawing experiment 
already described in that the feces not only were thawed at room 
temperature but also were kept in the lalmratory long enough to 
permit some development of the free-livhig stages each tune that the 
cultwra were removed from the freezer. The objective was to obtain 
the greatest possible letlial effect. Although outdoor fluctuations in 
t(>mperature were simiilated in the experiment, the transitions from 
subfreezing temperature to temperatures favorable for development 
were more rapid tlian those that occur in nature. 

The 3 rield of infective larvae from cultures subjected to repeated 
alternate freezing and thawing under the conditions of this experiment 
was reduced jto a \crj snuill percentage of their potential peld, as 
shown in table 4, series C. In fact, emture 1 of series C, wmch was 
frozen for about 5 days, transferred to room temperature for 2 da^, 
and again frozen for 5 da 3 r 8 .yi«hled, on incubation, a negUgible number 
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of infective larvae. Evidently tliis eulti^e contained principally 
einb^onated egps when frozen the second time, for culture 1 of series 
A, after also l)eing frozen once and incubated in the laboratory for 
2 days, yielded but a small number of preinfective larvae os compared 
with tlio average number of infective larvae recovered from the un¬ 
exposed control cultures. Moreover, these preinfective larvae were 
nearly all killed by the second period of freezing, as shown by the 
results obtained for culture 1 of series B. A few infective larvae 
developed in the actual course of the alternate freezing and thawing 
tn^atment, as shown by the results obtained with cultures 2, 3, and 4, 
series A. Some of these infective larvae survived the various periods 
of freezing. 

The recovery of comparatively large numbers of larvae from the 
continuously frozen cultures (series D) shows that the development, 
during the thawdng jicriods, of stages more susceptible tlian the un- 
embiyonated egg was responsible for the* fai’ greater lethal effect 
observed in the cultures alternatcdy frozen and thaw^ed. 

The incidental evidence of this experiment on the susceptibility to 
freezing of preinfective and newly developc'd infective larvae is in 
agreement with tlie results of later experiments. That this experi¬ 
ment also provides evidence on the resistance to freezing of unem- 
bryonated eggs has been previously pointed out. 

outdoor: EXPERIMENTS WITH EGGS 

Two (‘xperiinents in which freshly passed feces wc^re subjected to 
outdoor temperatures were carried on in the winter of 1938 39. The 
results of the first of tliesi* experiments are ijiven in table 6. The egg 
counts on four of the control cultures of this experiment appeari'd to 
show a fairly even distribution of the eggs in the feees from wliich cul¬ 
tures were prepared. However, thc» munber of infective larvae recov¬ 
ered from four other control cultures varies! widely. Also, in the test 
cultures, there was no apparent relationship between the potential 
yield of infective larvae and the duration of exposure. Hence, the 
(‘xperiment failed to demonstrate quantitatively that the potential 
ability of the cultures to yield infective lar\"ae was reduced by exposure 
to outdoor winter and spring hmiperatures. 

Nevertheless, the following inferences from other data of the experi¬ 
ment are considered warranted: A few eggs in the feces became em- 
bryonated in the first 12 days of exposure, during which the maximum 
temperature recorded was 4(5® F., and many became embryonated and 
hatched in the fii*&t 22 days of exposure,* during which *56® was the 
maximum temperature iworded. Embiyonation was directly ob¬ 
served. That eggs hatched w’us indicated by a decrease of more than 
one-third in their number. Since a corresponding number of prein¬ 
fective larvae was not found in culture 8, examined after 22 days of 
exposure, many laivae evidently were killed soon after hatching. 
Later in the course of the first 55 days of exposure, more eggs appar¬ 
ently hatched, but only a small number of larvae succeeded in reaching 
the infective stage. Hence, many more preinfective larvae appar¬ 
ently were killed during the last 3*3 days of this period. Thereafter, 
when temperatures more favorable for development^ were attained 
periodically, the number of viable eggs in the feces diminished further, 
and despite frequent alternations between subfreezing and moderate 
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tomporatures and rather extensive and rapid fluctuations in tempera¬ 
ture, preinfective and infective larvae increased in number. The 
developmental process had not been completed when the experiment 
was teiminated on April 7, after the feces had beeirexnosed 113 days. 
There was no evidence that unembryonated or embryonated 
were killed in appreciable numbers under the conditions of this 
experiment. 

Table 5 .—Survival and development of free-lmng stages of horse strongyhs \n 35- 
gm. cultures of feces eoniatntng unembtyonattd eggs when placed outdoors on 
Decembir 13, 1938 
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10 

1 



915 

d(» 




11 

Wilii 10 

31 

9 U) 



215 

0 

215 

12 

1 



465 

Majority embryonated, 
viability of n*mainder 
question iblo 

4162 

4 15 

4 177 

n 

14 

jPtb H 

54 7 

18-46 





11 

16 

}Fib 2h 

75 

20-70 

60 

Apparently iioxiv lablo 

41.150 

4 162 

4 1,312 

17 

IK 

}\pr 7 

IM 

22 78 

' SO 

do 

426 

4 544 

4 570 

19 

() 








20 

O 








21 . 

(») 








22 










■ ■ _ _ 

. _ 

_ 

_ 

_ _ _ _ 

_ _ 

_ 

_ _ _ 


Infective 
larvae 
recovered 
afliT m- 
nibation 
of culture 
at room 
tempera¬ 
ture for 
week or 
more 


Number 


1,900 

10, rw 

3,7'iO 
4 10, MM 

10 500 


7,350 

1,925 

1,700 
2,9(» 
1. iU) 
22 300 
3 000 


1 Egg counts on 4 control cultures were 1,370,1,5N0,1,5M0,1,700 All figures arc the average of counts on 
two 4-gm samples from each culture 

> Regarded as hatehmg from emhryonated eggs while the feces were in the BaiTmann apparatus. 

* ^proximate, being tomperatun*s recorded 1 mile away (thermometer used m exixnriment accidentally 

4 8 gm of feceb had boon removed from this culture for egg counts Tbo actual number of larvae rc^vered 
from the romaindor of the culture was adjusted to the J6-gm basis. 

* Unexposod; control. 


The most important facts shown by tins experiment are as foUows: 
Feces placed outdoors when fresh yielded appreciable numbers of 
infective larvae in the course of an exposure of about 3H mouths to 
rile fluctuating subfreezing and moderate temperatures prevailing 
in winter and early spring in the vicinity of Beltsvillo, Md., and 
were still a potential source of additional infective larvae early in 
April. From January 13 to 21, the cultures and the thermometer at 
the site of the experiment were partly or completely covered with 





206 


Journal of Agricultural Beoeareh 


Val.lB,No.4 


tmow. During this time the actual temperatures of exposure un¬ 
doubtedly did not correspond with air temperatures. At no other 
timft dunng this experiment were more tlian traces of snow on the 
ground. 

It was observed at the site of the outdoor experiments that air 
temperatures bdow and above the freezing point often occurred during 
the same day and tiiat sometimes transitions from moderate sub¬ 
freezing temperatures to tiiose fairly favorable for development took 

S lace within 6 or 7 hours. The exact fremiency of such temperature 
uctuntions was not recorded, however. Daily maximum and mhii- 
mum temperatures recorded by an instrument located about 1 mile 
from the site of tlio experiments indicated that subfreezing tempera¬ 
tures occurred on 83 of the 132 days from December 15, 1938, to 
April 26, 1939, the ]>eriod that the outdoor experiments were in prog¬ 
ress. On 77 of these 83 days, thawing temwratiu’es also were re¬ 
corded. Fluctuations from about 20“ or 25“ F. to about 50“ or 60“ 
during December and January and from a little below freezing to 
about 60“ or 70“ in February and March occurred several times 
witliin periods of about 8 to 24 hours. Since the maximum ami 
minimiun temperatures recorded on the thermograph tended to dif¬ 
fer somewhat from those observed during the same periods at the 
site of the experiments, the facts mentioned are not admissible as 
data of the experiments. However, they indicate that the experi¬ 
mental results were obtained in an area where frequent alternations 
of freezing and thawing temperatures and violent and rapid fluctua¬ 
tions in temperature were cliaracteristic of the periocl of tlie 
experiments. 

In tlie second expeiiment, begun 42 days later than the first, the 
outdoor exposure caused a marked reduction by spring in the num¬ 
ber of infective larvae that developed in culture's (table 6) as compared 
with the potential yield (controls in table 4). (’ultures exposed 90 
days ending April 26, 1939, yielded infective larvae representing, on 
the average, slightly less than 10 iwrcent of the average number m- 
covered from the six control culturt's. Many of the results obtained 
in the first experiment also ore applicable to this experiment. An 
aupTCciable decn'ase in the number of egpp in the feces took place in 
tne initial 13 days of exposure, during which the maximum tempera¬ 
ture w'as only 46“ F. That nearly all larvae hatclung in this period 
were promptly killed is indicated not only by the failure to find more 
than a few survivors, btit also by the fact that the percentage of 
reduction in the potential yield of infective larvae (37 percent) was 
only a little less than the observed decrease in the number of eggs 
(42 percent). 

In the ensuing period of 20 days (from February 8 to 28), charac¬ 
terized by alternations between temperatures a few degrees below 
freezing and those favorable for moderately rapid development, the 
potential yield of infective larvae wras still more markedly reduced. 
As in the prenous experiment, however, some infective larvae devel¬ 
oped in tlus period. Tliis was apparently due partly to the fact that 
temperatures remained continuously above the freezing point for con- 
nderable periods and partly to the fact that although freezing at 
intervals killed some preinfective larvae, the temperatures were not 
low enough or sufficiently prolonged to kill aU of them. * 
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Table 6 — Survival and development of free-living stages of hotet htrongylee in SO-gm, 
cultures of feces containing unembryonated eggs whni placed outdoors on Januaiy 
1939 * 


Cul- 

turo 

No 


1 

t 

H 

4 

•i 

A 

K 

10 

11 

12 

n 


Date 

Dura 

R*mgo 
of tem- 

Eggx in fcri s whon n nio\ pd to 
laboratorN 

Larxai ipcoxind (torn 
culture w hen romo\ ed 
fnnn lahorators - 

Infpotiw 
Ian ao 

IX'COV- 

cFod after 

nilturc 

turn of 

IH. ra¬ 

“ — — 

— — — — —— 


" — — 

— — 

meuba 

was ro- 
mo\((l 

out- 

do<»r 

tlin' in 
(aohin- 






tion of 
culture 
in labo- 
ratorv lor 

tl 

sun* 

tenrval 
of ox- 

Per 

gram 

Condition 

Proin- 

feitni 

Inft i - 
tive 

1 otal 



Iiosun* 





wetk or 









more 




Num- 






79^9 
Jhtb K 

12 7 


btr * 


NunUMT 

Nvmhtr 

liumbtr 

Number 

22-4G 

r 48i 

homo pmbrvoniitid 

12 

0 

12 

.5,890 

jl-ib 28 

32 7 

20 70 

1 100 

Appannlh diad 

370 

7 

377 

1)85 

jMar 17 

4U 7 

21 70 

1 100 

do 

6S 

19 

hi 

890 

jMar 2i 

■>7 0 

22 7S 

1 100 

do 

200 

4 

201 

l,0fi9 

Apr 7 

71 0 

2^) 78 

1 100 

do 

10 

m 

to*) 

060 




( - 


0 

1 090 

1 090 


Apr 2b 

1 

(X) 0 


1 


0 

SN) 

800 

MX) 

' ^ _ 



_ _ 

— — — — — 

— 


— 

— — 


> 1 hi control cultures for this oxp(>riinent were the same as (or (h< ixinrinunt rijmrticl iii table 4 

3 JjiUipt for cultures 11 and 12 the data won calculated from thonumlxrof larxac ncovtnd from 23Km 
of fcccs after h mn had boon retimed from the culture for igg (»untx 

J Fgg counts on 4 control (ultuns wen 800, QUO, 1.400,1,MN). Allflgunsan thoaverageofeountsontwo 
4 gm samplts fiom each culture 

4 Approximate. being te)mperature.s recorded 1 mile awiy (thermometer used m experiment aoeidontally 
jirred) 


The oxporiinont providt's no (h'fiiiite ovidonce of pronounec'd lethal 
action latter in tlie exposure pcM’iod, but the nuinlxT of infective larvae 
in tlie cultures did not reach a iiiaxiniiiin until the onset of fairly con¬ 
tinuous moderate temperaturcb. The data indicate that some efcg:b 
were killtMl in this experiment. Although all the ejigs in cultures 3, 5, 
7, and 9 \^(‘re considered to be dead, the number of infective larvae 
recovered from the comparably expos(»d cultures 4, 6, 8, and 10, re¬ 
spectively, e\c«‘eded the numbfT of prehifective and infective larvae in 
the former group. 

The cultures of the previous experiment were exposed in part to the 
same conditions that clearly resulted in a reduction in yield of infective 
larvae in the cultures of the present experiment. That a similiA' result 
was not definitely apparent in the former expcTiment was probably due 
to uneven distnbution of the eggs in the feces comprising the cultures. 

LABORATORY EXPERIMENTS WITH PREINFECTIVE LARVAE 


SURVIVAL OP LARVAE IN EARLY STAGES OF DEVELOPMENT 

Throe experiments were perfonned in which fecal cultures wore 
kept at room temperature for 42 to 53 hours before being exposed to 
subfn'czing temperatures. All larvae recovered from the control 
cultures placed in the Baermaim apparatus when the test cultures were 
exposed were either first stage qr second stage. In experiment 1, 
first-stage larvae predominated. In experiments 2 and 3 the two 
stages were about equally represented. 

Considerably more than 90 peicent of these preinfective larvae were 
killed in 1.2 to 4 days at a mean temperature of 14^-21® F., as shown 



208 


Journal of Agricultural Besearch 


Vol. 68, No. 4 


in table 7. The results of experiment 1 are regarded as less accurate 
t^an ^ose of experiments 2 and 3, since in examining the cultures of 
the latter two experiments a piece of silk bolting cloth was placed over 
the screen of the Baermann apparatus to minimize the descent of dead 
larvae. Larvae were recovered from cultures exposed much longer 
l^an 4 days, but this fact is attributed to the presence in the feces of a 
residue of viable eggs. Apparently some of wese eggs hatched while 
tlie feces were in we Baermann apparatus. As wown in table 7, 
culture 1 of ei^eriment 2 yielded only 150 surviving larvae, but when 
culture 2, which was exposed slighuy longer, was incubated in the 
laboratory for a week it yielded more than 1,000 infective larvae. 
This finding indicates that the cultures of this experiment contained 
about 1,000 eggs that had not undergone appreciable development when 
the test cultures were exposed. It is well raown that the development 
of the free-living stages of strongyles does not proceed at precisely 
the same rate in all parte of an ordinary culture, and some viable 
eggs still may bo present in a eulturc that contains infective larvae. 

Tablb 7 .—Svrvivdl of prriifeetive larvae, in early stagee of development, in 70-gm. 
cultures of feces continuously exposed to subfreeting temperatures or at about 88° F, 


Experiment No. 


1 . 


2 


3. 


1 Preinfeotive udIobs otherwise noted. 

* Baaed on the average number of larvae reoovered from the control cultures, 
s Culture placed in Baermann apparatua 18 hours after removal from fToeser. 

* Infective larvae, oultuie Incubated at room temperature for a week or more before examination, 

. «Actually 26 days, but electncal service was Interrupted on the 25th day and culture had thawed when 
it was removed. 

* Culture moistened on 80th day of exposure. 

’ Infective larvae developing during exposure. 

< Unexpoaed; control. 

• 

Also in experiment 1, identically incubated cultures were exposed 
to a mean temperature Of about 36** F. More than 90 percent of the 


Culture 

Period of 

No. 

exposure 


Dayn 

1 

4 0 

2 

10 1 

3 

17 9 

4 

10 0 

5 

• 25 0 

6 

4 0 

' 7 

17.9 

8 

38.1 

0 

80 1 

•10 

115 9 

•11 

180 1 

12 


13 

(*) 

1 

3.8 

2 

4.0 

3 

6 0 

4 

11.0 

^ 6 

19 0 

* 6 

33 8 

7 

47.8 

8 

58.1 

0 


10 

CO 

1 

1 2 

2 

1.3 

3 

4.1 

4 

5.0 

5 

18.1 

6 

13.1 

7 


8 



Approximate 
range of tem- 
tieratures at 
which culture 
was exiiobed 

Estimated 
mean tem¬ 
perature of 
entire ex¬ 
posure 
period 

Larvae re¬ 
covered 1 

Apparent 
survival * 


® F, 

Number 

rereent 

14-30 


i,m 

5 3 

14-30 


•2,775 

9 7 

14-30 

19 

1.2K0 

4 5 

14-30 


<280 


14-30 


10 

.06 

34-37 


21,700 

7b 0 

34-37 


28,400 

92 5 

34-37 


7,100 

24 9 

34-37 


1,900 

6 7 

34-37 


7 3 

.01 

34 37 


52 

.2 

— 

- 

32,000 

_ 



25.100 


14-32 


ISO 

.4 

14-32 


< 1,060 


14 32 


10 

.02" 

14-32 

91 

26 

.06 

14-32 

1 cl 

15 

.04 

14-32 


7 

.02 

14-32 


2 

006 

14-32 


0 

0 

- . - 

. -- - 

40,800 



. - 

<47,500 


7-18 


8,775 

4 4 

7-18 


2,700 

1.4 

7-18 


29 

.01 

7-18 

19 

67 

.03 

7-18 


122 

.06 

7-18 


55 

.03 



194,000 




205,000 
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larvae iii a culture exposed for 80 days to this temperature died; as 
shown in table 7. Probably the cultures remaining in the cooler at 
this time were moistened too much; for few larvM were recovered 
from them when they were examined thereafter. A large proportion 
of the larvae survived for 18 days at this temperature; and approxi¬ 
mately one-fourth survived for 38 days. Exhaustion of the food 
granules of the intestinal cells was noted in larvae sumving prolonged 
exposure. A few larvae reached the infective stage in a culture kept 
for 116 daj^s at about 36®. Similar results were obtained in the first 
series of cultures of the experiment reported in table 9; although in 
that experiment somewhat larger percentages of larvae survived 
rather comparable exposures and more infective larvae developed 
while the cultures were kept at about 36®. ^ However, only a general 
similarity in the results of the two experiments could be expected 
because the cultures of the first series in table 9 initially contained 
some infective larvae and some larvae in the second ©cdysis. 

SURVIVAL OF LARVAE IN ADVANCED STAGES OF DEVELOPMENT 

Very large proportions of larvae principally in advanced phases of 
the second stage or in the second ecdysis, but not yet infective, were 
killed by coinparativelv brief exposure to subfreezing temperatures, 
as shown in table 8 Infective larvae in the cultures also were not 
very resistant to such temperatures. It was not anticipated that 
appreciable development of the larvae would occur at a mean tem¬ 
perature of about 36® F. Hence in examining the control cultures 
the larvae were separated into only two groups. Those that w^re 
obviously still preinfective and those regarded as infective were 
differentially counted; larvae regarded as of doubtful infectivity were 
included in the latter group. Similarly, in the classification and 
counting of the larvae from exposed cultures, larvae of doubtful 
infectivnty w^re included with those definitely infective. In examin¬ 
ing cultures 8, 9, and 10, exposed for about 16 to 33 days to a mean 
temperature of 36®, it was noted that the number of larvae that were 
infective or doubtfully infective had markedly increased over those 
in the control cultures. In the cultures kept at a mean of 36® for 3 
months or longer, not only had a large percentage of larvae survived 
but nearly all definitely had reached the infective stage. The number 
of infective larvae recovered from culture 11 practically eipialed the 
average number of larvae of all stages recovered frem the control 
cultures. Temperatures above 37® were attained during only a few 
hours of the exposure period. 

Another experiment was perfomieil to test these results. The siirvi- 
\ ttl and development of larvae in a series of cultures containing mainly 
first-stage and second-stage lai*vae and one containing mainly larvae 
undergoing the seconil eedysis were compared. Cultures of the fii*st 
aeries contained a small number of infective larvae wlien exposed, but 
about 18 percent of the larvae in cultures of the second series were 
infective when exposed, as indicated by oxamination of a control cul¬ 
ture of each series. The number ana proportion of infective larvae 
increased in cultures of both series while the feces were kept at a mean 
temperature of about 36® F., as shown in table 9. This result is in 
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Table 8 .—Svmval of weinfective larvae, in advanced slapee of development, in S6~gm, 
euUures of feces inevhated at room temperature for 74 hours before exposure to sub- 
freezing temperatures or at about S6^ F. 


Culture No 

Period of 
exposure 

Apinroximato 
range of 

Estlmatcfl 
mean tem¬ 
perature of 
entire exiio- 
sure period 

Larvae recovered 

Apparent 
survival» 

temporal ores 
to which cul¬ 
ture was ex- 
IHised 

Preinfec- 
tive» 

Infective 

Total 


Days 

*»/!• 

Of 

Nvmfie* 

Number 

Nttwibcr 

Percent 

1 

1 74 

14-20 


840 

• 170 

1,000 

IS s 

2 

2 60 

14-20 


ISO 

SO 

200 

3 1 

8 

3 74 

14-20 


400 

6S 

4es 

7 2 

4 

18 7i 

14-20 

lb 

0 

4 

4 

06 

5 

17 66 

14-20 


1 

31 

32 

S 

6 

17 06 

14-20 


0 

20 

20 

! 4 

7 

30 71 

7-20 


423 

28 

SI 

1 ^ 

8 

15 7i 

34-37 


1,030 

• 6,720 

7,350 

113 7 

9 

22 M 

34-37 


115 

1 1,010 

1,125 

! 17 4 

10 

02 

34 37 


ISO 

*3, ISO 

%SOO 

S4 1 

11 

88 7^ 

834 42 

•sn 

225 

0 22S 

b,500 

100 S 

12 

88 75 

•34-42 


500 

3.700 

4,2M0 

W) 3 

13 

142 87 

• 34-42 


U 

2.080 

2 HM) 

tl 4 

14 

(■) 



5 SSO 

4 6S0 

0,200 


15 

(•) 

[ 


0 ASO 

•OSO 

7,200 


16 

(«) 



S,500 

'SOO 

0,0(N) 



1 Mainly m advanwd phasos of the second stage and in various phases of the sciond o(d>sis, unk ss othei- 
W1SO noted 


^ Bas^ on the average numlior of larvno of all stages msivered ftom the control cultures 
> Induding some doubtfully infective larvats but proiMirtinn undetermined 

4 Livmg first-stage larvae regarded us basing hatched from viable eggs s^hilo the feces were m the Uaei- 
mann auparatu«« 

* During a period of about 12 hours on the 7M day of exposure, i lectrical servici' was interrupted and the 
temi^atun' of the cooler toso for a few hours to the maximum shown 
I unexposed. control 


Table 9 —Comparison of survival of pmnfcctive larvae in two sertts of SO^gm 
cultures of feces incubated for different periods at room ternpiratuie bifoie eiposure 
to subfriezing temperatuiih and to about F 


INCUBATED IN LABORATORY FOR 50 HOURS AND ('ONTAININd MAINLY FIllST- 
RTAOB AND SECOND-STAOE LARVAE WHEN EXPOSED 



Period 
of expo¬ 
sure 

Approxi¬ 
mate 
range of 

Estimated 

mean 

Larval* reeoxereid * 


Re lalion 
bi twe>in 
niinilH r of 

Culture No 

temper¬ 
atures to 
which 
cultiure 
was 

ixposod 

temiwra- 
tun> of 
entire 
oxiMjsure. 
iwriod 

Preln- 

fe*ctive 

Infective 

Total 

Apparent 
survi¬ 
val 4 

infi Clive 
larvae* 
leooxe^red 
from test 
an<1 contreil 
culture s 


Pays 

'F 

°r 

Numhir 

Number 

Number 

Pircint 

Percent 

1 

1 0 

8 24 


1,AS0 

52 

1,402 

4 3 

80 0 

2 

2 7 

8 24 

15 

400 

2t) 

420 

1 3 

30 8 

3 

3 8 

8 24 


28 

2 

30 

1 

3 1 

4 . 

14 0 

34-37 


30 000 

100 

31,000 

OS 1 

153 8 

5 

43 7 

•33-60 

36 

Ifv 135 

815 

16,050 

52 0 

1,253 8 

64 

7 

03 7 
(•) 

•33-50 


080 

32,535 

120 

65 

1,100 

.32,600 

34 

184 6 


INCUBATED IN THE LABORATORY FOR 73 IIOURh AND CONTAINING MAINLY 
LARVAE IN THE SECOND ECD YSIB WHEN EXPOSED 



050 

LlOOl 2i050 

13 6 

40 0 

070 


10 1 

20 0 

53 

23 76 

5 

8 

12,250 

6,400 18,650 

123 5 

232 7 

8,400 

7,500 15,000 

105 3 

272 7 

2,625 

12,350 

4,000 6,625 

2,750 16,100 

43 0 

145 5 


1 Total nombers of larvae recovered from rulturos 5,7,12,13, and 14 woio calculated from the usual dilu¬ 
tion counts by the use of the dissecting mlerosoope, but the numbers of preiufective and mfeotive larvae 
were caloulated from dltfereutial oounts obtained by the use of the compound mlerosoope. 

* Based on average number ot larvae of all stages recovered from control culture 

* Early In the thira week of exposure a maximum of 48^ F was reached during an 18-hoiir jnterval, and 
during a 5-day period in the 6tta week of exposure a maximum of 50° was reached for a fow^dours, but during 
most of this penod the temperature ranged from 84° to 37°. 

* Moistened with water on the 67th day of exposure. 

< Unexposed; control. 
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gpnpral a^eemeiit with those of previous experiments. Owing to 
unavoidable euvunistanees tlie maximum temperature was somewhat 
higher in the present exi)oriment. 

Observations not inclucjed in the table also indirated that about 
1.4 percent of tlie larvae in cultures of the firat series and about 60 
percent of the larvae in cultures of the second series were in a late 
phase of the second eedysis when exposed. During exposure to a 
mean temperature of about 36®, the percentage of larvae in tliis phase 
increased in cultures of the fimt series and decreased in tliose of the 
second. This finding is further evidence of development at that 
temperature. The ])roportion8 of larvae surviving comparable ex¬ 
posures at tliis temperature were considerably higher in the second 
series of cultures. Apparently tliis result was due to the greater ability 
of larvae in the second eedysis to complete their development to the 
infective stage at a mean temperature of about 36®. The survival in 
cultures 6 and 13 was lower than was e.xpected; apparently too much 
water had been added to these cultures on the sixty-seventh day of 
exposure. First-stage and second-stage larvae apparently were more 
susceptible to the elTects of excess moisture than the more advanced 
stages. That nearly all preinfective larvae in all stages are killed 
by moderate subfreezing temperatures m less than 4 days w'as con¬ 
firmed by this experiment. The UK'identnl obsemilion that lan'ae 
which have just attained the infwtive stage are readily killed by freez¬ 
ing was also confirmed. 

OUTDOOR EXPERIMENTS WITH PREINFECTIVE LARVAE 

In an c\|)eriinent begun in Fcbruaiy 1939, cultures originally 
containing large numbers of proinfwtive laivae were exposed for 14 
to 71 days to outdoor temperatures. The total number of preinf(*ct ive 
and infectivo larvae recovered from exposed cultures immediately on 
removal to the laboratoiy, or the number of infective larvae obtained 
fimn comparably exposed cultures incubated in tho laboratory bi'fore 
examination, represented about 4.5 to 2,'» pewent of the average yield 
of larvae fnim four unexposed control cultures, as shown in table 10. 
Two of the exposed cultures (Nos. 8 and 9) yiehled almost as many 
larvae as one of the conti'ol cultures (No. 11). However, as a whole, 
the ex])eriment indicated that tho prevailing outdoor temperatures 
hail a pionounceil lethal effe<*t on preinfective larvae*. C'ulture 1, 
which was exposexl 14 days, contained more surviving preinfective 
larval* tlum any of the ti'st cultures examined after longer expostire. 
The pr(*uift>clive larvae from this culture represented, how’ever, only 
about 2.6 perec'iit of the average number of larvae found in the control 
cultures. There was no definite correlation between increa.se in dura¬ 
tion of exposure and increase in the number of infective larvae develop¬ 
ing in exposed cultures. Therefore, the lethal action against 
prcuifective laiwae in tliis experiment undoubtedly occurred mainly 
during the first 14 days of exposure, from Februaiy 14 to 28. Appar¬ 
ently, the development of infective larvae also occurred mainly iluring 
this period. In one of the experiments with eggs, a pronounced leUuu 
effect was also ob8ervi*d to occ'ur duiing a 20-day period ending on 
Febnniry 28. 
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Table 10. —Survival and development of free-lmng atagee of horse stronayUa %n 
50~gm» evUvrea of faces contaming preinfective larvae when placed outdoors on 
Feb. U. 1939 



1 



Larvae recovorod Orom culture 

Infective 



Datecul- 


Range of 
tomiier- 

lAhen removed to laboratory 

larvae rooov- 
erod after 


Oultiire No. 

if 

Duration 
of outdoor 

ature in 
each In- 




Incubation of 
culture in 

Apimrcnt 
survival 1 


loiaD- 

oratory 

exjiosura 

terval of 
exposure 

Prein¬ 

fective 

Infective 

Total 

laboratory 
for week 








or more 



im 

Dagn 

op 

Number 

Number 

Number 

Number 

Percent 

1 

2 

}Fpb 28 

14 

20 70 
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t Premfoctivo larvae, recovered when test cultures i^ero exposed. 

Some of the preinfective and infective larva<‘ recovered from exposed 
cultures and some of tlu‘ infective larvae which developed in exposwl 
culturra incubated in the laboratory probably orighiatiHl from esjgs 
which had not yet hatched at the time that the feces were placed out¬ 
doors. Although this experiment provides evidence that, under the 
temperature conditions which prevailwl, most of the preinfective 
larvae were killed beforo they reachwi mfectivity, it is ol equal im¬ 
portance that the iluctuat'h^ winter and spring temperatures 
occurring durit^ a 71-day period did not “stcailixo” feces originally 
containing mainly preinfective larvae of horse strougyles. At no 
time during this experiment was there an appreciable depth of snow 
on tlie ground. 

DISCUSSION 

The results of the writer’s laboratory experiments on the survival 
of unembryonated egm in feces continuously exposed to freezmg ore 
most nearly comparable to those reported by Enigk (5), since they 
showed that a large proportion of the eggs kept at mean temperature 
of 14® to 21® F. (about —10® to —6® were killed in 47 to 56 days. 
Since quantitative methods were used and the experiments were con¬ 
tinued for longer periods than those reported by Enigk, the ri'sistanee 
of the eggs to continuous fn^ezing has been better defined by the 
writer’s work. 

The reports of previous investigators do not afford a suitable 
basis fOT comparison with the results of the writer’s laboratory experi¬ 
ments on the n'sistanee of preinfective larvae to freezing. The 
absolute and.comparative resistance of tliese larvae to moderately 
severe fre<‘zing has been detemmed by this investigation. De 
Blieck and Baudot’s (4) observations afforded no comparison between 
the resistance of ^ggs and preinfective larvae. The experiments of 
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Wetzel {IS) and Pamoll {10) did not establish the absolute resistance 
of the preinfective larvae. Those of the latt(*r worker permitted only 
a general comparison between their resistance and that of the otlier 
stages. 

Experiments closely com])arable to those reported in the present 
paper on the effect, on the eggs and preinfective larvae, of prolonged 
exposure to a mean temperature of about 36° F. (2° C.) also do not 
appeal* to have been report('d by other investigators. As previously 
noted, Gnekstatter {G) and De Blieck and Baudot (4) found that ^gs 
were uninjured by lirief exposure to similar temperatures. The 
writer’s experiments appeared to show that even brief (exposures killed 
some eggs. 

Tlu' writ(T noted tliat first-stage and early second-stage larvae 
surviving prolonged exposure at about 36° F. liad very pale intestinal 
cells. Pj’obably larvae of these stages are not dire(‘tly injured by 
temperatures a few degrees above the freezing point but die as a rc'sult 
of stai*vation. Late second-stage and noninfective third-stage larvae 
were able to continue their development to the infective stage at such 
temperat ures. Thus, the surv ival of preinfective larvae was evidently 
conditioned by the degree of their depemlence on bacterial food or, 
from a slightly different view'point, by their morphological status. 

Parnell {!()) and Britton (I'J) mentioned 10° C. (apj)roximately 
50° F.) as th(‘ approximate minimum temperature* at which horse 
stnuigyh* eggs and first-stage larvae can develop. The experimental 
basis for these* statements was not spe<*ified by either writer. \\ etzel 
{IS) stated that the* lowest teinperatiu’e at w^hich infective laiwae of 
Strongylua (qulnua developed in about 350 hours was 12° to 13° C. 
(approximately 54° to 56° F,). About 10 percent of the hatched 
larvae became mature. However, in outdoor experiments of the 
wTiter’s investigation, <*ggs became embryonated and apparently 
hatched in a period in which the maximum temperature did not 
exceed 46° F. (^proximat(*ly 8° C\). Also, as previously mentioned, 
l)e Blieck and Baudet (>{) notwl that eggs kept for 12 days at 6° C. 
contained viable embrj^os. llueber (?) reported that “scleroslonie” 
eggs hatched in about *20 days at 5° to 10° C\ The WTiter’s observa¬ 
tion that preinfective larvae reached infectivity during long exposure 
at a mean temperature of about 36° F. (maximum 50° F.) is not 
regarded as contradictory to Wetzel’s report because greater time 
intervals were involved. Also, whether larvae of S. equinua were 
among those undergoing development was not detc*iinined. 

The writer’s incidental observ’ation that third-stage larvae w^cre 
not very resistant to subfreeziiig temperatures immediatidy after 
becoming infective presumably is in Imc with the statement of-Zava- 
dovskii and Vorob’eva (/ {) that the resistance capacity of Slrmgylna 
(quinva larvae increases with age, 7-day-old larvae being more resistant 
to freezing than 4-day-old larvae. The English simimary of these 
authors does not definitely state that the 4-day-old larvae were infec¬ 
tive, however. 

Parnell’s (S) statement that embryonated horse strongyle eggs are 
much less resistant to fi'oezing than unombryonated eggs has been 
confirmed. The data of this investigation do not permit cx)mparison 
of the resistance of embryonated eg^ and premfcctivo larvae. 

In the light of the writer’s experiments, Parnell’s {10) statement 
that frequent alternate freezing and thawing can be relied on to kill 
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tho friH‘-living stages of horse strongylos requires qualification as does 
the previously quoted statements on this subject by Britton (S). 
The possible combinations of the variables temperatiu*e and time, as 
determinants of the lethal or nonletlial effect of alternations in 
freezing and thawing weather, are so numerous and complex that it 
is doubtful whether they can bo reduced to a simple vet sufficiently 
inclusive verbal statement. Tho conditions stipulated by both writem 
were fulfilled in tho outdoor experiments of the present investigation, 
but tho free-living stages, including i)reiiifectivo larvae, were not all 
killed and considerable numbers of infective laivae developed and 
survived. That alternate fw'ezing and thawing w(*ath«»r may markedly 
reduce the potential yield of info<‘tive larvae in feces subjected to it is 
shown by this investigation. That suitable alternations are capable 
of causing virtually complete ‘‘sterilization'' of feces originally con- 
taming eggs is also affirmed. But it is amply shown that the men^ 
occurrence of frequent alternation of thawing and fn^eziug weather 
affords no guarantee of sterilization. 

Parnell's {10) later statement as to the susceptibility of all fre(»- 
living stages to “violent and frequent fluctuations in temp(*ralure" 
differs somewhat from that just discussed. In the writi'r's experi¬ 
ments, infectiv<‘ lamie developed in feces originally containing eggs 
or preinfcK'live laivae dc»apite exposure to temp(»ratur(s ranging from 
minima of 13° and 20° F , respectively, to a maximum of 8S°, and 
despite repeated and rapid transitions from subfi'i^ezing to moderate 
temperatures. 

With the exception of those report<*d in this papiu*, the only labora¬ 
tory experimimts faiown to tlie writer on th(‘ effects of alternate 
freezuig and tliawing on free-living stages of horse strongyles are 
those reported by Ober-Blobaum (/?). which involved infect he larvae. 

There is apparent disagreement between the findings of the pn*sent 
investigation and those of Paniell in the following respect: The 
writer found that large propoitions of uiiembryonated <‘ggs invariably 
were killed by continuous exposure to subfn^'zing tiunperatures for 
7 to 8 weeks and that many e\ideutly succumbed to much briefer 
exposure in laboratory experiments. ‘ Paniell {9), however, found 
tliat the continual low temp(»ratures of a seven* (^anadian wrinter 
were insufficient to kill “sclerostome" eggs. Parnell's (.9) statement 
tliat et^ cx])osed all winter embryonated and hatched normally in 
the spring suggests that none were killed. Ilowevt'r, in tin* writer's 
opinion, the data of the experiment reported later by him {10) do not 
support such an interpretation. 

The previously mentioned report of Baker, Salisbury, and Britton 
{2) appeal's to be more in agreement with the results of laboratory 
experiments, at least insofar as it tends to show that wiiitiu* t(*mpera- 
tures exert a h*thal effect on horse strongyle eggs. However, although 
these authors reported Uie percentages of eggs killed by 65, 90, and 
160 days of exposure in winter at Ithaca, N. Y., they did not include 
dates or temperature data, and the metliod of examination of tin* 
exposed feces serving as a basis for their calculations was not clearly 
described, {'or these and other reasons, it is difficult to evaluate 
the significance of tho percentage relationships reported by these 
authors. ^ 

The writer’s outdoor experiments did not sliow that winter tempera¬ 
tures near Beltavillo had an appreciable lethal effect on horse strongyle 
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eggs ns sucli. But tho iempcraturn conditions wero very different 
from tliose of ttie laboratory experiments, which demonstrated that 
prolonged and continuous exposure to subfrei^zing temperatures kills 
the eggs. Results similar to those of these laboratory experiments 
would occur outdoora only in regions where subfreezing temperatures 
prevail continuously for loiig periods in winter and hence closely 
parallel the (»xpcrim(*ntal temp(»rature conditions. 

The protection against extiHunos of temperature afforded to organ¬ 
isms on Uie soil surface by a covcTing of snow has generally been 
ov(*rlooked by tJiose who have investigated the survival of tho free- 
living stages of strongyles of horses and other domestic animals 
under winter conditions. Swah's (11) found that, in the presence of 
an appreciabl(‘ blanket of snow, temperatures recorded at the soil 
surface* continuously approximated tlie freezing point and varic*d only 
slightly despite fluctuations in air temperature. He concluded that 
winter air temperatures cannot he considertid as having any direct 
effc'ct on organisms on tin* soil surface, so long as a covering of snow 
is present. The organisms are to be regarded as existing in a relatively 
constant climate* with temperatures approximating the freezing point. 
The ground was cov(*red with snowr for a short time* during only one 
of the three outdoor experiments reported in iliis pajier. 

In a discussion of tlie inlluenee of frost on larvae in i)astuj*es, 
Taylor (12) stated that the cessation of the development of infective 
larvae* during a cold period must result in the storage of potential 
infi'ctivc* material and, wlu'ii warmer weather comes, a mass develop¬ 
ment of infective larvae probably occurs. Taylor referred to con- 
ilitions under which grazing animals constantly deposit feces on a 
pasture during the cold period. However, the writer's (experiments 
apiiem- to indicate defniitidy that tho proportion of eggs Umt ulti- 
matcdy yi(»ld inf(*cliv(* larvae in horse f(»C(»8 exposed during cold 
s(»asons is det(»rmm(»(l by the particular relationships prcwailiiig 
betw(*m the variabl(*s of tempt'rature and time. 

It is well know'll that tin* Raermann apparatus is of limitc'd (dficieiicy 
for the ,rcco\ei*y of larvae from feces. However, it was used in this 
in\ ('stigation bcM'ause it is the most practicable available criterion of 
viability of such larvae. It was not determined whether the prein- 
fective larvae recovered from fcc(»s following exposuiv were necessarily 
capable of completing their pivparasitic development since it was 
impracticable to attempt to establish this jioint. Whether infective 
larvae developing in feces during or after exposure to low tempera¬ 
tures were capable of normal parasitic development also was undeter¬ 
mined. The writer is unawai’e of any method whendiy this (piestion 
might have been ri'solved satisfactorily. 

Alore accurate mathematical results probably could have been 
obtaiiH'd in laboratory experiments liad counted numbeis of eggs and 
preinh'ctivo larvae been exposed to low temperatures in w^ater. But 
th(» signilicance of iTsults obtained in this way would have been ques¬ 
tionable. Feces ore thi\ natural medium of these stages for the 
most part, and the typo of medium appoi’ently affects oxporhnental 
rc*sults. Thus, Zawadowsky and Voromeva (14) found tluit infective 
laiwae of Slronmjlus eguinm showed greater resistance if frozen in 
damp sand or feces than if frozen in a dry condition or in water. 
The difficulty of determining whether larvae originating from eggs 
exposed hi water (X)uld compete their development also would have 
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been intxodured had this alternative medium been employed. Thus, 
it was felt, that despite the probability of variability in results, the 
use of feces, the natural medium, was preferable for the purposes of 
this investigation. 

SUMMARY AND CONCLUSIONS 

To determine the effects of continuous low temperatures, alternate 
freezing and thawing, and natural fluctuations in temperature in 
winter and early spring on the survival and development of horse 
strongylc eggs and preinfect ivc larvae, laboratory and outdoor experi¬ 
ments were performed at the United States Department of Agriculture, 
Beltsville Research Center, Boltsville, Md., in 1938 and 1039. 

From 94 to 100 percent of unembryonated horse strongyle eggs in 
feces continuously exposed to mean temperature's of about 14° to 21° 
F. were killed in 47 to 56 days in laboratory experiments. The per¬ 
centages of eggs surviving comparable exposures varied, and the 
absolute limit of the ability of the eggs to survive at the experimental 
temperature ranges was not established. In one experiment, 0.4 
percent of the eggs survived 97 days of continuous exposure to sub¬ 
freezing temperatures. The experiments suggested that the number 
of surviving eggs decreased gradually as the duration of exposure to 
Bubfreezing temperatures increased. 

Embiyonated eggs wore much more readily killed than unembryo¬ 
nated e^ in feces kept at the same range of freezing and subfreezing 
temperatmes (7°—32° F.). The absolute r(>8istanco of embiyonated 
egCT was not determined 

TTie lethal effect on unenibryouatt>d i^gs subjected to the following 
treatment was no greater than Uiat obtamed by continuous freezii^: 
Repeated exposure to a mean temperature of 14° F., alternated with 
thawings at room temperature for periods oidy of sufficient duration 
to allow the feces to attain their normal consistency. Wlien the 
thowings at room temperature were of sufficient duration to permit 
appreciable development, the cultures were promptly and almost 
completely sterilized ro far as yielding infective larvat' was concerned. 

The limit of the ability of eg^ to survive at a mean temperature of 
about 36° F. was not determmed. In one experiment 0.5 percent 
survived an exposure of 195 days. In two of three experiments about 
one-half of the eggs survived for 3 to 4 weeks at this mean tempera¬ 
ture, but because of variability in results, quantitative conclusions 
as to the rate of devitalization at this temperature were not war¬ 
ranted. Apparently, decrease in the number of surviving eggs and 
duration of exposure were related. 

More than 90 percent of preinfective larvae principally in the first 
stage and early second stage of development were killed in 1.2 to 
4 days in feces exposed to mean temperatures of 14°-21° F. Prein- 
fective larvae in more advanced phases of development did not differ 
markedly from tho younger larvae in ability to withstand subfreezing 
temperatures. Preinfective larvae in all phases of development were 
far more susceptible to subfreezing temperatures than the imem- 
bryonated eg^. Larvae that had just reached the infective stage 
were readily killed by subfreezing temperatures. 

About 75 to 95 percent of preinfective larvae in cultufes containing 
mainfy^ first^tage and second-stage larvae survived at a mean tern- 
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pcraturo of about 36® F. for periods up to approximately 2 weeks. 
About 25 to 50 percent survived for approximately 5 to 6 weeks. 
More than 00 percent died in about 3 months at tnis temperature, 
and those surviving prolonged exposure liad very pale intestinal cells. 
Death of the larvae was attributed to starvation rather than to a 
direct injurious action of the temperature. The proportion of infec¬ 
tive larvae in cultures originally containing principally larvae in the 
second cedysis and advanced phases of the second stage increased 
markedly on prolonged exposure of the cultures at a mean tempera¬ 
ture of about 36®. In these experiments the larvae surviving about 
3 months of exposure represented 40 to 100 percent of the number 
of larvae of all stages originally present in the cultures. 

Wlien feces originally eontaining unembryonated eggs were exposed 
ouldooi*s to winter and early spring temperatures in the vicinity of 
Beltsville, Md., some infective larvae develoi)ed during the winter 
and the feces were still capable of yielding additional larvae in the 
spring. One experiment was inconclusive as to the lethal elfectof 
outeJoor exposure, but in anothcT experiment the number of infective 
larvae ultimately developing in exposed cultures n^presented about 
one-teiitli of the numlier recovered from iinexposed control cultures. 
Infective larvae also developed in winter in feec's tliat contained 
preinfective larvae when exposed. The number of infective larvae 
that ultimately developed in exposed cultures or that such cultures 
were capable of yielding after exposure repres(*nted one-fourth to 
one-twentieth of the potential yield of the cultures. Eggs embry- 
onated and hatched outdoors in a period in which the maximum 
temperature recorded was 40° F. During the outdoor experiments 
in wliich these results were obtaiuecl, the t(‘inperatures frequently 
fluctuated above and below the freezmg point. Such fluctuations in 
winter and spring temperatures reduced the yield of bifective larvae 
in exposed cultures but did not ‘‘sterilize’^ the cultures. The degree 
of the lethal effect of outdoor ex])osuje in winter and spring depends 
on the relationships that prevail between the variables of temperature 
and time. 
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INHERITANCE OF REACTION TO COMMON SCAB IN 
THE POTATO* 

By F. A. Kbantz, hoHicuUuri»(, Division of Horticulture, hintieMita AgrieuUural 
Experiment Station, and collaborator, Division oj Fruit and VegUdble Crops and 
Diseases, Bureau of Plant Irulustry, LniUd States Department of Agrievllwe and 
Cabi. J. Eidb, assistant pathologist, Division of Plant PaUiolngy and Botany, 
Minnesota AgrieuUural Expsrimtni Station 


INTRODUCTION 

In the pi'oposs of developing improved scab-resistant varieties of 
potatoes {Solanvm tvberoieiim L.), it was found that individuals with 
similar clonal reactions often ditfcrwl significantly in their lirccdii^ 
value. This lc<l to an attempt to place the jiarental material into 
genetic gi^oups based on the classification for scab reaction of their 
sexual ])i*og<*ny and to isolate the more desirable scab-resistant geno¬ 
types. The presentation includt'S four ndated series: 

1. A Htudy of a oroHs for the pur))u8P of 8U]))>l,vinK a oenelic classincatioii that 

(‘onld )>c ap])lir<l to the parental material. In this cn>BM eiegn'Kales and 
their sexual iirogeniez from th<‘ Fi, F%, and Ft KeuoraliouB of a crosH were 
utilized. 

2. A study of parental malerial, consistiuK of 118 \arietie8 or ndeetionB 

which were claesitied on the 1)a8iH of the seal) reaction of the sexual 
progeny into the same jirobahle genotypes as were employed for the 
segregates from tltc above cross. 

3. A study of the scab reaetion of the hybrid progenies obtained ))y crossing 

certain of the above ))arental genotyi)C8. 

4. A study of the association between the color gene P and the reaction to 

scab. 

MATERIAL 

In 1924 a cross was made ht'lween Accession 12S and Lookout Moun¬ 
tain. Accession 12:i was an unidentilied clone obtaiiicHl as a rogue in a 
lield of Irish Cobblers. Both ])arenls wereself-fniitful, and the result¬ 
ing hybrids were highly so. Under the plan of saving the seed in the 
[n'e^uling plttts of all self-fruitful intlividuals, seed of a relatively lai^e 
number of individuals from the F^, and F* generations accumu¬ 
lated, though most of the individuals which productKl this seed were 
discarded. Wlien the studies on resistance to common scab were 
initiated, it was found that seli'ctions from this cross e.xliibited a wide 
range of scab reaction. Hence, t his emss appeared to provide excellent 
material for a genetic classification of scab reaction. Recoume was 
then made to the seed which had accumulatcHl from the hybrids of 
this cinss during the previous 12 years. The segregates have each a 
pedigree number whimi shows their relationship and, by the mimher 
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of numerals, the generation from which they were selected. Thus 5 is 
the cross number and is common to aU the segregates. Similarly, 5-14 
is an F] segr^te whose progeny carries the same number, while 
5-14-1, 5-14-2, 5-14-3 ... are jP, segregates from this progeny. 

Parental material studied represented a cross-section of the sdf- 
fruitful clones in the breeding plots. It consisted of American and 
European varieties, and of selections from crosses and sclfed lines. 
The pedigree numbers for the sdeetions sujmly the same information 
as those previously indicated for the cross. The character of russeting 
was almost entirely absent in this parental material. UeneCj the 
influence of russeting on reaction to scab as found in such varieties 
as Russet Burbank and Russet Rural was not considered. 

METHODS 

Relative resistance to common scab was determined by gi-owing 
progenies in peat soil which was heavily infested with Actinomyces 
seoAies (Thax.) Gtlss. as shown by the high degree of infection on 
certain individuals. Field tests wen' made in the first clonal genei'a- 
tion except for one test in which certain progenies weiv retested in their 
second clonal generation. Anotlier test was made by growing seed¬ 
lings directly mm seed on nonstc'rilized soil from the above field to 
which a single race of A. scabies was added. These progenies were 
tested in the field duruig the following summer. 

Resistance was determined by the “highest scab” method as 
described by Leach et al.* Acconling to this method, depth and 
severity of the scab lesion were used as a measure of susceptibility. 
Four degrees of severity were recognized, and these were indicated ny 
numbers from 1 to 4 mclusive. The tubera of each individual of a 
given progeny were examined and the individual given a rating cor¬ 
responding to the most severe type of pustule found. These rating 
were then averaged to obtain Uie mean scab ratings. Eacdi family 
was grown in two randomizecl blocks, and the interaction of families 
with blocks was used to obtain an estimate of the experimental error 
of the means. 

It should be pointed out that Uie progenies used in this investigation 
were studied under limited conditions with respect to scab infection. 
ScliaaP and Leach et al.^have shown that there arc races of Actinomyces 
scabies which differ a great deal in pathogenicity on some lines of 
potatoes and ^at the same variety or seedling may differ in resistance 
when test^ in different localities. Schaal* found that in general 
highly resistant varieties are consistently resistant when grown in 
widely different parts of the country, but that less resistant varieties 
may vary considerably. It was also pointed out by Wingerberg* 

> Lsach, I. U., Kmhtz, F. a., Dscxcit, Phaus, and Matmon, Hauild. tba ucAaoitiMiNT amo 
imcxtrAiKc or boab bmutantb in rairiD and otbiud fkooenicb or potatocb. Jfonr. Agr. Res. S6: 
g<]HMil,Ulaa. l«M. 

I ScdAAL, L. A. coLTi'EAT. VABiATioNANDrayaoLoeirannAUUTioNorAciiNoiiTcxaarABnca. (Ab* 
itnet) Phytopathology W. 31. IMO. 

* Lbacb, J. a., nicRni. PuAKiR, and Banm, Hannah. rATHooENic BAmg or AonNOMtraa arABiis 
nr BiLATioN TO acAB BMiBTANCi. Phytopathology 30 30i-30B, lUua. lltw. 

I Unpuhllahpd data. 

• WlNOBBBBBO, VBITg. 8TVIHBN OBCB DIN CilWdHNIinilK KABTOmiACDOBr UND BIINI UtlBOEI 

Kabii-Anil.33: [39«|-338,lUa8. ItSS. 
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that physiologic as well as morphologic factors may determine resist¬ 
ance to scab. Ijeach ct al.* como to the same concluaion. This siu- 
gests the possibility that under a different set of conditions, especial 
with respect to the strains of the pathogen present, breeding behavior 
for resistance other than that reported m this paper may be found. 

In tlie analysis of the data, cognizance was taken of the evidence 
supplied by Jjunden' indicating that the ])Otato was an autotetraploid. 
Hence, for a character conditioned by a single gene there would be 
five* possible genotypt's. 

With this typo of inheritance, the material did not appear to be 
sufficiently exU'iisive to warrant tc'sting more than a simple hypothesis. 
Therefore the analysis was made on the assumption that among the 
possible gen (>8 influencing scab reaction there might be one with a 
major influence which would allow a genetic classification of the 
material. The classification into the five possible genotypes desig¬ 
nated as Sci, <SVa«c, SciBCi, SCW3, and W 4 was made by inspection of 
the distribution of the progeny means for regions of discontinuity. 

EXPERIMENTAL RESULTS 

BEACTION OF PKOGFiNlES OF ACCKSSION 12J X LOOKOUT MOUNTAIN 

The sexual progeny of 14 Ft, 32 Fi, and 18 segregates of the cross 
Accession 123 by lAiokout Mountain were tested for reaction to 
common scab. Their progeny means were then compai’cd irrespective 
of generation for indications of the possible presence of five breeding 
types. The iliscontinuity in the distribution of the jirogeny means 
appeared to be greatrot in four regions. A separation of the progeny 
means was made at these four regions, the segregates bemg dividitl 
into fiv(> groups. In table 1 is given the sexual progeny mean for 
eacli segregate and the distrilnition of the segregates in each generation 
among the five breeding types. 

A comparison of the five bretsling types is made in tabic 2 , wht'ro 
the individual progenies of each type are combmed ami the distribution 
of the individuals from the progenies of each type among the classes 
of scab rating is shown. The distribution for each type is simiifi- 
cantly different from that of the other types. This is indicated also 
by the differences between the type means and by the probability 
from tests which is Iros than 0.01 in all cases. 

This study, as previously staled, was undertaken on the hypothesis 
tluit a gene was present which had a major influence on scab reaction 
and that this would allow the chissification of the brewing material 
into five genotypic classes. A comparison of the distribution of the 
segregates for each generation of the cross among the five types of 
breeding behavior with that of the distribution of the genotypes for 
each generation calculated on tilie assumption that the dinerences 
between breeding types was principally due to a single gene, can be 
made. 

f LVVlirN, P, tNllLKlTANCK STl DlhS IN THF TOTAIO (SOI VNHM TPHAROSl M L ) Noigl'S T^AIldhr 

110iskoli*sAisnMWjnpomAkmelistf()rs0k{19'}t W) [Title \anes] 4i» 1 - 1 % 1937. 
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TabiiB 1.— Mean ecab ratinga of progenies of Fs and Fj segregates of a cross between 
Lookoat Mountain and Accession liS ^ 


Fi sesrogates 

Fi segregates 

Fi vgregatts 

Breed- 

Designation of 1 

Progeny 

Designation of 

Progeny 

Debignation of 

Progeny 

Jng 

type 

segregate 

mean 

Migregate 

mean 

sogregato 

mean 



5-3-1 

0 67 

1 


1 

^. 1 

1.17 1 

5-14-6 

1.00 

5-4-i4rl 

1.17 


5-13 1 

1.17 

5-0-1 

1.10 

5-12-1-1 

1 20 




5-3-2 

1 10 

5-6-1-1 

1 22 

2 


*" 1 31 

5^1 

5-10-3 

5-14-8 

1 11 

1 10 

1 27 

5-15-1-3 

1.36* 


5-10 

1 82 

5-10-1 

1 27 

6-10-1-1 

1 37 


5-J2 

1 33 

6-14-15 

1 30 

5-4-8-6 

1 38 


8-10 

1 40 

6-7-3 

1 33 

5-10-1-2 

1 47 


5-8 

1 42 

6-12-1 

1 S3 

5-10-3-2 

1 48 


5-0 

1 42 

6-8-1 

1 36 

6-10-1-3 

1 66 


5-7 

1 40 

5-14-10 

1 38 

6-11-1-3 

1 60 


5-1 

1.50 

6-2-5 

1 40 

5-14^1 

1 bd 


5-5 

1 50 

6 11-1 

1 40 

5-11-1-4 

1 80 


5-11 

1.7G 

6-16-1 

1 60 

5-10-1-6 

1 80 


5-4 

1 02 

6-3-2 

6-6-1 

6-14-8 

6-14-1 

6-14-17 

5- 3-4 

6- 2-2 

6-14 2 

5- 10-2 

6- 4-3 

6-14-7 

6-4-1 

1 63 

1 06 

1 08 

1 74 

1 77 

1 80 

1 80 

1 81 

1 82 

1 86 

1 87 

2 06 

5-14-8 1 

1.90 

A 

6-2 

1 08 

6-6-2 

2 21 

1 6-4-1 1 

2 00 




6-14-6 

2 27 

6 4 3 4 

2 21 

4 



6-14-1 

5-1-1 

2 20 

2 35 

5-4-I-6 

5-10-1-4 

2 46 

2 47 



»2X'^. E of a (1i(TereiiC(»*0 38. 


Table 2.’-Distrihutiwi of the individuals of the progenies of etich breeding type 


BroedloK type 


Number 

of 

progenies 

Niimbt»i of individtiBh in the 
pi open Icq of each type falling 
into the indicated classes of 
bcab latlng i 


Moan 

0 

1 

2 

3 

4 


1 

0 

8 

1 

0 

0 

0 67 

10 

18 

173 

44 

4 

0 

1 13 

42 

46 

608 

377 

106 

10 

1 62 

11 

8 

77 

126 

04 

17 

2 ll 

2 

2 

16 

13 

10 

16 

2 47 

I 


P ftoni X* test betwoun 
ty|H*s 


1 ami 2l0ii4thaii 0 01. 

2 and 3 Icbs than 0 01 

3 and 4 less than U 01 

4 and 6 less than 0 01 


* 0-«No scab, 4«iuost ere scab. 


The 14 Fi s^reprates arc distributed among breeding types 2, 3, 
and 4. If the 5 typw arc represented by the following genotypes 
Sci, Se^c, ScfSCi, Sewt, and sc,, then in the Fi 2 sogregatra would be 
da^d as triplex, 10 as duplex, and 2 as simplex. A similar distri¬ 
bution in the Fi might be obtained if 1 parent. Accession 123, was 
triplex and the other parent, Lookout Mountain, was simplex for 
the gene 8c. .A comparison of the obtained with the calculated distri¬ 
bution is shown in table 3. 

This assumption agrees with the information availalfle concerning 
the parents, nmch unfortunately is meager since both were discarded 
before the scab studies were undertaken. Hybrids obtained fipm 








Aug. 15.1041 Inheritance of Reaction to Common Scab in Potato 


223 


other progenies with Lookout Mountain have given progenies with 
vc‘ry little resistance. On the other hand, selfed lines derived from 
Accession 123 have shown high resistance^ some of them approaching 
that of Hindenbu^ selfed. Accession 123 was not homozygous since 
there was a significant difference in scab reaction between some of 
the selfed lines derived from it. 


Table 3.- A comparison of the obtained wtih the calculated genotype distribution 
%n the F\ segregates of the cross Accession 123 X Lookout Mountain 


Distiibutian— 


ObtaiiK (1 
Calculatod 



Sci 

SCiSe 

Sc^2 

Se»c% 

9C4 


0 

2 

10 0 

2 

0 


u 

3 5 

7 0 

3 6 

0 


The theoretical distribution which would be obtained in the and 
I\ can be calculated on the basis that a random sample was takc>n 
from each generation. The segregates probablv represented a random 
sample, for tlu‘y incliuh^l all of the self-fruitful plants in each genera¬ 
tion. Unfortunately onlv a selected group was carried into eacli 
succeeding genc'ration. However, the brc*eding plots were relatively 
free of scab, and no consideration was given to scab reaction in select¬ 
ing the segregates for the succeeding generation. In tabl<‘ 4 the dis¬ 
tribution is calculated on a chromosome rather than a cliromatid 
tyjM' of s('gregation as the former is in clostT agreement with th(^ 
obtained distribution. 


Table 4- A (ompansan of iht obtained with the (ahulated qenotypi dtitnbution 
in ihi Fz and Ft stgregaUs of the tross Aicession 1 IS X Lookout Mountain 


[('* i1( ultitions mndi on achroiuosomorathii Ihanadiiomatid tMieofvinogatKm] 


Distribution of^ 


segrcBati s 
Obtained 
Calculated 

JibiiiKgatis 

Obtained 

Calculatid 



iScafc 

ixgfca 

SiffCi 

1 

5 

21 

5 

1 2 

7 2 

15 2 

7 2 

0 

3 

10 

3 

2 

4 

b 

4 




0 

1 2 

2 

2 


REACTION OF PROGENIES FROM OTHER VARIETIES AND SELECTIONS 

The roactioii to common scab of selfed pi’ogemes fnwn 118 oUicr 
varietu‘8 and selections have been studied. T«‘stB were made in the 
field in 1936, 1937, 1938, and 1939 and in tlio greenhouse during tho 
fall and winter of 1938 39. Since Uie lov(‘l of infection varied in 
the different tests, each comparable group is listed soparately in 
table 5. 

Those varieties and selections have been classifiwl into five breeding 
types. In making this classification consideration has been gi\ on to: 
(1) Regions of discontinuity in the progeny means; (2) the reaction 
of progenies which were tested imder more ujan one level of infection; 
(3) the reaction of the self lines from a variety or selection. 

It will bo noted in table 5 that the variety Hindenbuii; is the 
solo individual classified in breeding type 1. Its sexual progeny 
mow in the four trials in which it was tested was consistently low. 
This variety does not appear to be homozygous for all factors which 
influence scab reaction since two of its segregates, 14-;6 and 14-7, gave 
a signiflcantly higher progeny mean in the two trials in 1939. 



Table 5 —Mean scab ratings of selfed progenies from varieties and seUetions IBSS-M 
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In bn^cding type 2 are eight individuals, including the variety 
Jubol. The clonal reaction of these eight individuals is very similar 
to that of Hindenburg. Four of these individuals, 11-1-25, 1-1, 
1-4-1, and 15-1, produced sexual progenies whose mean scab reaction 
was not simificantly different from that of the progeny of Hindenburg 
in 1930. In the second clonal generation in 1937 the sexual progenies 
of three of these individuals appeared to give a significantly higher 
scab reaction than that of the progeny of Hindenbutg;. The reinain- 
ing four individuals of breeding type 2 gave sexual progenic's with a 
small but consistently higher scab reaction in both the gn>enhouse 
and the field test than that of Hindenburg in 1930. 

Forty-two clones are classified in breeding type 3. The |)ositiou 
of this group was marked by including comparable sexual progenies 
of selection 5-10-1 in five of the six tests. The limits of the group 
were determined by separation in the regions of tlie grt'atest discon¬ 
tinuity in the distribution of the progeny means. The separation in 
1937 IS the same as that made for the segregates of the cn>^ given in 
table 1 since these w'crc included hi the same teat. The trial in 1938 
did not include tlie progeny of 8eh*ction 5 10-1. However, this trial 
included the progeny of selection 5-15 1-4-1-2, of which a com¬ 
parable sexual progeny was tested in 1937, and the progeny of selec¬ 
tion 15 2, from which a similar sexual progeny was tesh'd in th(‘ 
greenhouse and in tlie field in 1939. The sexual progenies of individ¬ 
uals classified in breeding tvpe 3 appeared to be more variable than 
those from the other breeding types. Tims the sexual progeny of 
selection 6 10-1 gavi* a scab reaction similar to that of the individuals 
placed in br(‘eding tyjie 2 hi 1936. Under a higlu'r level of hifection 
m the second clonal generation t<*8ted in 1937, tliis bcxual pnigcny 
approached breeding type 4. Again in 1939 in the gi-eenhouse test 
the progeny mean was relatively low, apjiixiacliing that of the sexual 
progeny of the variety Juhel, and was significantly lower than the 
progeny of the variety Earlaine. In the field tests which followed 
a higher level of infection was obtahu'd, and the progeny mean of 
selection 5-10 1 is significantly higher than that of the jirogeny of 
Hindenburg and Jubel and approaches the progeny mean of Earlaine. 
This hidicntt'd difference in reaction to high and low levi'ls of infection 
in the tests lias been considered in the classification of the individuals 
into breeding type 3. A similar difference in reaction to low and 
high levels of infection has been noted in the clonal reaction of this 
group. Their clonal resistance to scab is sufficient to be of conunemal 
value under ordinary levels of infection. 

In breeding type 4 are grou])ed 29 clones including the variety 
Earlaine. The variety Kalahdin also probably belongs to this group 
since selections from its solfed progenies (line 66) are included. This 
group differs from breeding type 3 in having slightly higher sexual 

f irogeny means. However, their progeny means are significantly 
ower in general than those of breeaing type 5. The latter aiv con¬ 
sidered to cany no resistance. In clonal tests, individuals in breeding 
type 4 were distinguishable from those of type 3 but nut from ttiose 
of type 5. While more intensive studies will probably indicate the 

E resence of a-greater clonal resistance in the individuals belonging to 
reeding type 4 than those of type 5, it would hardly^ be simicionl 
to bo of commercial value. 
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Thirty-five clones including the variety Thippewa are grouped in 
breeding type »5. This group shows no clonal resistance to scab. 
Attempts to isolate resistant individuals from tlieir sexual progenies 
have met with no success. A few of the more promising isolates 
were given progeny tests. Thus it will be noted that tlie progenies 
of 11 l-3-2-(ll) (14) (18) and (20), all selections from 11 1-3-2, 
gave high progeny means. Similar selections from line 80 7 gave 
high progeny means as will be seen from the pi'ogenv means of selec¬ 
tions 80 7 (1) (2) (3) (4) (5) and (0). 

REACTIONS OBTAINED IN CROSSING PARENTAL TYPES 

The reaction to scab of the crossed progenies as obtained in the 
field in 1930 and 1938 and in the greenhouse and field in 1939 are 
presented in table 0. The j)aronts employed were previously classi¬ 
fied from the reaction of their selfed progenies with the exception of 
the varieties Early Ohio, Triumph, and Warba. The crosses are 
listed in the order of their mean scab reaction. 

In 193(5, crosses between parents of breeding types 2, 3, 4, and 5 
were tested. The two crosses of type 2 (Jubel)Dy*selections of type 3 
and 4 gave the lowest progeny mean. The two crosses betVeen 
I)arenls of type gave the hi^iest progeny mean. The breeding 
behavior of Ihe varieties Early Ohio, Triuinph, and Warba appeal's 
to be the same. From the progeny means of the crosses in which 
these varieties enter, they are classified as probably belonging to 
breeding type fi. 

(^rosses betw'een the same breeding types as were tested in 1936 
w'cre teste<l in 1938. The progeny means of these crosses are in fair 
agreement with the classification made from their selfed progenies 
with the possible eveeption of selection SO 7. This parent was class - 
tied in breeding type on the basis of the high mean scab reaction of 
its selfed lines. Its behavior in these crosses suggests (hat it 0103 " 
caiTV some factors wliich influence low scab reaction. 

Tin* results with the crosses tested in the greenhouse and field in 
1939 emphasize the low progeny means obtained when Ilindenburg 
enti'rs into a cross. The cross of type 2, (Jubel) by type 3, selection 
fi-lO-l, gave a somewhat higher scab reaction than the average of the 
four crosses in w’hicli ilimlenluirg W’as crossc»d with selections of type 4. 
In the 193() and 1938 tests, which (ontained no crosses with Ilinden¬ 
burg, the same cross, Jubel w’ith 5 10 -1, gave the lowest average mean 
scab reaction. Clark et al.® from observations on two Fi progeni(*s 
concluded that Ilindenburg was probably homozygous for resistance. 
The mean scab reaction of the selfed progeny of Ilindenburg given in 
table 5 and its behavior in the crosses as show^nin table 6 suggest that 
this variety is nearly homozygous for scab resistance. However, two 
8(‘lections, 14-6 and 14 7, from the selfed progeny of Ilindenburg, 
produced selfed progenies with a significantly (i^hor mean scab 
reaction than tlieir parent progeny (see table 5). * This suggests that it 
is heterozygous for at least some minor factoi’s which influence the 
mean seal) reaction. The results of the 1939 test also supply further 
evidence that the varieties Triumph and Early Oliio probably carry no 
factors influencing low scab reaction. 

> Cl ARK, P C , STKXENSON, F. J , and SHIAAL, L A. THK INIIBRlTAMrR or BTAB RESISTANCIk IN CERTAIN 
CROHSES AND HBLFKDUNSH OF POTATOES PllVtOJiathoIORy 28 871HWU, lllUb 1988 
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Tablb 6. —Mean scab ralingB of hybrid progenies from certain breeding types as 
dtUrmined %n field in 1986 and 1988 and in the field and greenhouse tn 1989 


lOJf) TEST 



Breed- 




Progeny mean 



Breed- 

Number 


Paient 

ihr 

Parent 

m 

of seed- 




tyiie 


♦Mie 

Impre 

If 

Field 

Jubel 

2 


4 

15 


1 DO 

Jubel 

2 

X 5-10-1 

3 

15 


1 07 

4-0-3-1 1-1 1 1 

3 

X82 10 

4 

44 


1 21 

4-IHl-l-l-l-l 1 

3 

X5 10 1 

3 

08 


1 20 

Early Ohio 

5 

X 4-0 3 1 l-l-l-l 

3 

11 


1 27 

Triumph 

5 

X 5 10-1 

3 

104 


1 .iO 

Warha 

5 

X 5-10 1 

3 

^9 


1 40 

11-1-2-2 4 

3 

X21 2 2 

3 

31 


1 42 

4-25-6 

3 

X 5 10-1 

1 

» 


1 ^2 

82 10 

4 

X 12-2-4 1-7 

4 

100 


1 42 

Early 01 lo 

5 

X5 10-1 

4 

34 


1 44 

11-#-1-3 4 

3 

X 21-3-2 

3 

07 


1 40 

Waiba 

5 

X 12 2-4-1 7 

4 

17 


1 50 

Kaily Ohio 

Warba 

5 

5 

X 12-2-4-1 7 

X 11-1-3 2 

4 

5 

23 

32 


1 74 

2 00 

Triumph 

5 

X 4-25-7-1 

5 

26 


2 38 

2 X 8. E. of difference 





43 


1938 TF8T 


JuImI 

ao-n-a-i 

17-2 

82 11 
17-8 
15-2 
80-7 
80-7 
12-1 

11-8-1-0-3 

21 - 2-2 


82-0 

13-1 

11- 1-3-2 

12 - 1 . 

2X8 E of difference 


39-2-1-1-1-1 

nindenburg 

41-1-1-7-6 

JuM 

5-12M 

Triumph 

8241 

5-15-1-4-1-2 
HC 16 . 

13-1 

13-1 

Triumph 
lM-2-2-18 
Early Ohio 
Triumph.. 

5-10-3-4 .. 

2X8 E of difference 


2 

X 5-10-1 

1 

47 


4 

X 5-1(H1 JW 

2 

32 


4 

X5 lO-l 

3 

69 


3 

XW-T 

5 

22 


4 

XHO-7 

5 

37 


3 

X5-10 1 

1 

SI 


3 

X80-7 

5 

72 


5 

X 5 lO-l 

3 

61 


5 

Xlfr-2 

i 

51 


5 

XH0 7 

5 

36 


3 

X5 lO-I 

3 

24 


3 

X5 lO-l 

4 

44 


3 

X 5 10 1 

•4 

17 


4 

X15 2 

3 

.«) 


4 

X 5-10-1 

3 

47 


5 

X8-10 1 

a 

43 


5 

X 5-10-1 

.1 

28 


5 

Xll H12 

.5 

28 




1949 TFST 




4 1 

X Hmdenburg 

1 

75 

1 47 

1 

X 5-14-9 1 

4 

60 

1 65 

4 

X limdenbuiK 

1 

43 

1 44 

2 

X 5-10 1 

3 

SO 

1 48 

3 

X15-2 

3 

70 

1 45 

5 

X Ilmdenbuig 

1 

42 

1 58 

4 

X ITindenburg 

1 

«0 

1 .48 

3 

X 11-1-25 

2 

88 

1 75 

2 

X 6-14-+-1 

4 

9.4 

2 37 

5 

X Hmdenburg 

1 

84 

1 51 

5 

X 5-10-1 

3 

67 

1 .30 

5 

XJubeL 

2 

70 

1 30 

5 

X 5-10-1 

1 3 

10 

2 14 

5 

X 5-14-H-l 

4 

37 

2 05 

5 

X 5-14-0-1 

4 

70 

2 ‘40 

3 

X 11-1 3-2-18 

5 

54 

268 

35 


2 OK 
2 7J 
2 SB 
2 95 

2 07 
U)l 
i04 

3 OK 
3 IK 
3 25 
3 31 
i 35 
1 35 
137 
3 38 
3 fd 
3 52 
1 75 

•10 


2 10 
2 21 
2 40 
2 42 
240 
2 53 
2 07 
2 V2 
2 85 
280 
:02 

2 05 

3 00 
3 50 
3 30 

54 
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ASSOCIATION BETWEEN THE P FACTOR AND RESISTANCE TO SCAB 

The possible association between the plant color factor P and scab 
resistance was studied in 13 crossf^s. A susceptible Pp^ clone was 
crossed with the pi clone /)-10-1, which is classificKl as of breeding type 
3. Th(‘ /%3 plants from the Fi were then cross(‘d with plants. The 
results are presented in table 7. The separation of the P and p plants 
is easy and accurate. By having the red color factors, either Kov R, 
present, the plants with p have red and the plants with P have purple 
tubei*s. It will.be noted that the plants with purple tubers {P) had 
a higher mean scab rating in all the crosses except one. Th(‘ differ- 
(*nces in mc'an scab rating are loo small to be significant except in a 
cross of Russet Rural by 5-10 29. Whcui all the crosses are considered 
the differences become highly significant. 

Tahlh 7 — Mian hiab iating\ of P ami /> plants ni IS rrostis 


of (.loss 

PDnts ulth piiri>l(' 
tulwis iP) 

Plants ^ ith rod 
tabiTs (p) 

Pp, 1 

1 

7*4 1 

1 

Numlx^r 

Mi'iin scab 
latiiiR 

NunilHM 

Mean scab 
ratiUR 

76 1 1 

1 X 'i 10 

7 

1 2 (K) 

17 

1 47 

77 8 1 

1 X *5 10 26 

Ih 

1 1 78 

16 
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DISCUSSION 

Th(' autotetrasoinic type of inheritance in the potato limited the 
study of classifying th(» varieties and selections to one based on the 
hypothesis that the reaction to scab w'ns influenced sufficiently by one 
gene to allow a grouping of the material into the five possible genotypes. 
In classifying tin* segn^gates of the cross between Accession 123 and 
I^ookout Mountain, the principal reliance was placed on the means of 
their sexual progeni(»s. For in interpreting the results of progeny 
tests, it is n(‘C(‘8sai*y to remember that scab is a disease caused by a 
patliogcMi comprising many physiolomc races and that the extent of 
infection is influenced by factors such as temperature, moisture, pTl, 
and the stage of maturity of the plant. The use of the type of pustule, 
rather than the extent of scabbed surface*, reduces the variability 
caused by these factors to some extent, but the variation is still too 
large to utilize a phenotypic classification of the individuals within 
the progenies. 

Assuming that at least five genetic groups wen* presemt, the segre¬ 
gates of the cross between Acci'ssion 123 and Ijookout Mountain were 
separated in the regions of the greatest discontinuity of their sexual 
progeny means into five groups designated as breeding types. The 
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distribution of indi\iduals within the sexual progenies of each breed¬ 
ing type was found by the x* to significantly different from 
any of the other t3rpeB. 

The five breeding types were assumed to represent the following 
genotypes Se^, 8 e» 8 e, ScaSCa, Sesca, and ftCa; and the pai'ent gtmotypes 
were assumed to be, for Accession 12.3, Scaite, and for Lookout Aloun- 
tam Scsca. The observed distribution in the Fi, Fa, and Fa was found 
to bo in fair agreement with that calculated from the above hypotliesis. 
This study appeared to justify an attempt to elassify the oreeding 
material from the scab reaction of their sexual progeny into breeding 
types. In making this classification, consideration was given to 
regions of discontinuity in the progeny means, to reactions of si'xual 
progenies tested under more than one level oi infection, and to the 
reaction of the sexual progeny of the segregat(‘s from a selfed line of a 
variety or selection. Further studies will undoubtedly suggest 
shifting some varieties and selections to groups different from those 
in which they are now located. These gniups are not considered to be 
homogeneous,^ for the reactions to scab obtained from isolates of the 
sexual progenies of individuals classified in breeding types 1 and 5 
indicate that tlieso individuals are probably not homozygous for all 
factors influencing scab r(*action. The resmts obtained from crosst's 
between types agree reasonably well witli the reactions to scab of tlie 
selfed progenies. The data indicate tliat testing varieties and selec¬ 
tions by crossing would be of value when large differences are present. 
The data also supplied information on tlie breeding behavior of the 
Early Ohio, Triumph, and Warba varieti(*s from which selfed st‘ed 
was not available. The association obtained between the P factor 
and reaction to scab suggests that a major factor is present in this 
chromosome group, for as the experiment was set up, only the influence* 
of a gene or possibly a number of genes in the simph'X condition was 
measured. 

SUMMARY 

Starting with the assumption that tlie type of inheritance m the 
potato was autotetrosomic and that the difference observed in reaction 
to common scab was principal due to the influence of one gene, the 
segregates obtained from the /j. Fa, and Fa generations of a cross be¬ 
tween Accession 123 and Tjookout Mountain were classified into live 
breeding types. The separation was made in regions where the mean 
scab reaction of Uie sexual progenies showed the greatest discon¬ 
tinuity. The distribution of tlie segregates of the five breeding typ* s 
in the Fi, Fa, and Fa generation approached that calculated on the 
hypothesis that Accession 123 was triplex and Ijookoiit Mountain was 
simplex for a gene Sc influencing reaction to scab and that the five 
breeding types corresponded to the genotypes Sca, Scixc, ScjtiCi, 
Sesca, and 8 C 4 . 

One hundred and eighteen varieties and selections of hetenigeneous 
origin were classified irom sexual progeny tests into five groups cor¬ 
responding to the above bi-oeding types as follows: 

Type 1, variety Hindenburg. 

Typo 2. Reven seloelionB and the variety Jubel. 

Type 3. Forty-two seleotioiiB. » 

Typo 4, Thirty-one aeiectionR and the variety Earlaine. 

Type j). Thirty-four aeleotione and the Chipiiewa varietv. 
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Hindenbiu;^:, which was classiiipd in type 1, gave a progeny from 
wU(^ two segregates were isolated whose sexual progeny gave a 
significantly higher mean scab reaction than the progeny of Hinden- 
buig. 

Crosses between types gave progenies whoso mean reaction to scab 
was in general agreement with the reaction of tlie selfed progenies of 
the parents. The Early Ohio, Triumph, and Warba were classified 
in t^e 5, from the mean scab reaction of Uio crossed progenies, 
obtained when these varieties were used as female parents. 

An association between the <'olor factor P and the mean scab reac¬ 
tion was observed in a study of 13 crosses. The mean scab reaction of 
the P and p iilants for Uie 13 crosses was 2.49 and 1.99 respectively. 



USE OF THE PENETROMETER FOR DETERMINING THE 
FIRMNESS OF FATTY TISSUE OF HOG CARCASSES* 

])y K. L. Hin£R, assiatanl animal husbandman, and 0. U. HANKiNts, sefiior animal 

husbandman, Animal Husbandry Division, Burtau of Animal industry, Untied 

Slates Department cf Agriculture * 

INTRODUCTION 

An acoiirato, moderately rapid, readily applied, and inexpensive 
method for determining tlie iiimness of mtty tissue of chill(‘(l meat- 
animal carcasses would bo of value to research workers concerned 
with Ihe quality of meat, especially pork, in which there is mucii 
variation in firmness. Furthermore, it is possible that such a methoil 
would he useful under commercial conditions. 

Several methods have been uswl for determining the firmness of 
animal fats or for determining the factors closely related to fiimness. 
Among them are the manual test involving human judgment, the 
refractive itidex, iodine number, and tin* melting point. The manual 
lest, as developed and applied by the Bureau of Animal Industry to 
the fatty tissue of hog carcasses, provides for the use of five dc'grees, 
or grades, of firumess —hani, medium hard, medium soft, soft, and 
oily. The chief objection to this method is the ('rror introduc(*d l)y 
the human factor. The ernjr may be riMluced consulerably by having 
a committee of qualified judges. Tliis is customary in n*senrch but 
is S('Idom done in commercial work. It has b(>en shown ® that a clos<* 
r(*lation exists between grade of firmness and refractive index, as well 
as betw(‘en the former and iodine number. In the case of melting 
l)oint, the relation was found to be less close. Other analyses have 
8ubstantial(>d tlieso findings. Values for 200 samples, rcpr(>senting 
40 each of the 5 gnules of firmness, gave the following coelDeients of 
correlation: * Firimicss grade and refractive index, —0.900± 0.004; 
firmness grade and iodine number, —0.899 ±0.009; firmness grade and 
melting point, 1-0.788±0.018; refractive index and iodine number, 
+0.9«0± 0.004. 

Since there is little difference between refractive index and iodine 
number as a mensiu'e of firmness, the former has been extensively 
used by the Buimu as a routine laboratory test because of tlie greater 
rapidity and economy with which it can be determined. However, 
this method, as well as the iodine-number and melting-point tests, 
requires ri'latively expensive laboratory facilities and is ratller time 

* ttemvcMl for publuntion Januiiry 21,1»41. This work wns eondurtotl ra rooporation with tht* Animal 
Niitritiun Division of the Tlureau. 

* AcknowlorlRtnent is made to Mrs Edna V Hteely for assistance In the btutisticul calcnliitions 

* Hankins, o. i\ , and Eu.is, N R. sums results op soft-pork invfsticjattons. V. P. Dcpl. Art. 
Bui. 1407,6K pp.. Ulus. 1026. 

-- Elus, N. U., and Zeller, J. H. some results op soft-pokk inypstioations, ii. U. S Dopt. 
AEr.Bul.l402,60pp,illus. 1028. . , ,. vr ^ 

* The refractive indexes, iodine nuirihers. and niettinR points of fhe.se samples were determined by N. R, 
Ellis of this Bureau. 
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conBumitug. Consequently an investigation of the possible merit of 
an instrument known as a pcnetrometcT for moasurii^ the firmness of 
b^ed fatty tissue was believed to be desirable. ^ This instrument has 
been used by scientific and commercial agencies with considerable 
success to determine the firmness of certain foods, such ^ cakes and 
jellies, by measuring the depth that a needle of specific size and 
bluntness will penetrate imder a standard load during a specific time. 
It was felt that the manual tost for firmness and the penetrometer 
determination involve the same principle. The objects of the study 
reported in this paper were to determine the usefulness of the pene¬ 
trometer for measuring the firmness of fatty tissue of diilled hog 
carcasses and to establish tentative grade limits in terms of pene¬ 
trometer readings in order that individual carcassra may be classified 
with respect to firmness. 

EXPERIMENTAL PROCEDURE 

Fat samples from the carcasses of 188 hogs slaughtered in the 
spring and fall of 1938 and the spring of 1930 in various projects 
conducted at the United States Department of Agriculture, Belisvillo 
Research Center, Beltsville, Md., were used in the present experi¬ 
ment. After being chille<l for approximately 72 houis at a tempera¬ 
ture of 33® to 36® F. (0.56® to 1.67® C.), the carcasses were graded 
for firmness by a committee of three qualified judge's. The designated 
grades were hard, medium hard, medium soft, soft, and oily. The 
range in firmness of the carcasses was too narrow to provide good 
representation for all 5 grades. One of the writers, then*fore, visited 
a commercial packing house in the spring of 1939 and selected 163 
carcasses from which supplementary samph's were obtaininl. He 
graded the carcasses and, on reluming to Beltsville, graded the 163 
samples with the assistance of 2 other experienced men. From the 2 
sources mentioned, samples were procured from carcasses graded as 
follows; 116, hanl; 70, medium hard; 49, medium soft; 6.'), soft; and 
61, oily. 

In each instance the sample of fatty tissue was removed from the 
carcass along the middle of the back according to the method describiMl 
by Hankins and Ellis.* The skin was then removed, and the sample 
was siiuared and trimmed to the proper lengUi to fit tlxo sample box, 
wliich had inside dimensions of 3 by 3 by 1 inches. Immediately 

J irior to testing, a thin slice was removed from the median side of tlic 
at sample in order to provide a frt'tit, undried surface, and tlic sample 
was placed in the box with the surface upward. Figure 1 shows a 
sample ready to be placed in the box and another sample in the box 
ready for testhig. No cover or wei^t was used to hold the sample in 
ptlace; to keep it from slipping sideways in the box, pieces of fatty 
tissue were packed around it. Care was exercised not to put, on the 
sides of the sample, any pressure that might infiuence the depth of 
penetration of the needle. 

The penetrometer needle used was 3 inches long with the working 
end 0.16 inch in diameter. The rounded point representc'd a radius 
of 0.076 inch. The total weight of the needle, the test rod that held 
it, and added load was 266.66 With the aid of the ipirror attached 

to the penetrometer the technician adjusted the working unit, consist- 

O G , and Elus, N K. Fee* footnote 8 
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ing of iho needle, test rod, and added load, so that the point of the 
needle barely came in contact with the sample. The weight of 255.65 
gm. was then allowed to force the needle into the sample for 15 sec¬ 
onds. Three penetration tests were made on the 5uter layer of back 
fat and three tests on the inner layer, and the average of the six deter¬ 
minations was recorded as the value for the sample as a whole. Pene¬ 
tration was determined in tenths of a millimeter and at a sample and 



tiGUiUi 1 PoiietionietcT used in uiakinj; dettriiiiimiioiis on thi* laity tissue A 
sample is being tested, with another sample, at the left, read> for testing 


laboratory temperature within the range of 33® to 3«>® F. (0.56® to 
lG7®r.) 

Aftei tli(» pemdionieter tests had been made the samples were ren- 
deied at 230® to 239® F (110® to 115® ) and filtered. Refractive- 

indcK 'values of the lat weie then deleiinined at 104® F. (40® C.) ® 

USEFULNESS OF PENETROMETER FOR DETERMINING 

FIRMNESS 

It ib faliown in table 1 that as firmness decreased from hard to oily 
the depth of penetration of the needle increased for botli the outer 
and inner layers of back fat. On an a\erage, for the two layera 

•Tho nfrartiM indp\ \ iliips for stud> in nlntinn In p^nplroniptir detprmmntions and flrniness grades 
laen dcttnnimd by W illird £ i'ollaiia of Iht Bureau 
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there was a difference of 60.3 units, or 6.03 mm., between the greatest, 
and least depths of penetration. For ^e hard and medium-hard 
^ades tliere was slightly greater penetration into the outer layer than 
mto the inner layer of back fat. On the other hand, for the medium- 
soft, soft, and oily grades, the greater penetration was into the inner 
layer. 


Tabls 1. — Mean, range, and utandard denation of penelromeU? determinations^ 
and refraettvi indexes of fat samples representing five dtgrees of firmness 
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1 Conditions of exixvimcnt Radius of iioint of niHHlle, U 075 inch, total weight of needle and added loid. 
256 65 gm period of (x nctrat ion of needle. 15 stx onds 
> Kepn>sents vaiueb for average of outer and inner lasers of back fit 


Table 1 also shows for each firmness grade the range and standard 
deviation of the penetrometer determinations. Similar data are 
given for refractive indexes. Between the medium hard and hard 
grades, medium soft and medium hard, soft and medium soft, and 
oily and soft, respective differences of 7.6, 15.3,18.8, and 18.7 units in 
depth of penetration wore found. The corresponding dilforcnces in 
refractive index were 0.006, 0.006, 0.008, and 0.007. 

Also it is shown in table 1 that within each of the five groups of 
samples, classified according to committee grade for firmness, con¬ 
siderable variation occurred in the depth to which the needle 
penetrated. Likewise, rather wide variation in refractive index 
witlun the grade is indicated. Figure 2 shows graphically the variation 
of penetrometer determinations within tlie grade. Standard devi¬ 
ations for the soft and oily grades are larger than those for the hard 
grades. 

A calculation of cocfi[icients of correlation for data obtaimnl by 
a committee of judges using the manual test for firmness, the penetnmi- 
eter deternmiations, and the refractive-index values showed the 
closest relation between the conunittee grade for firmness and refractive 
index, the coefficient being —0.917i-0.006. Tlie next highest coeffi¬ 
cient was —0.905±0.007, representing the correlation between 
committee (lyade for firmness and penetrometer determination. The 
negligible difference between these relationships indicates that the 
refractive^ index or penetrometer determination may be used with 
equal satisfaction in measuring firmness. Between refractive index 
and penetrometer determination the correlation was -t-0.878±0.008. 
Figure 3 is'a scatter diagram for this last-mentioned relationship and 
diows also the regression line. . 

As previously stated, committee pade is not an exact measure of 
firmness since some error due to the human factor is involved. More- 
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IiGTiBE 2 -rrcquciipy dis<ribution«i of fiminoss deteiinniations made on hard, 
medium-hard, incdium-soft, soft, and oil> samples of fatt\ tissue, on the basis 
of depth of penetration b\ penetrometer Por each distribution the mean (M^ 
and standard doMatioii of the penetrometer deteiminations are shown 
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over, it is possible that the standards of firmness of the waders ^ 
subconsciously chan(;ed from time to time. In support of this point 
there are indications that in the work at Beltsville, during a period of 
20 years, there has been a slight tendency to lower this standard of 
firmness. This is shown by comparison of the average refractive-index 
values in table 1 of this paper with those of Hankins and Ellis,^ table 1. 
If there were no error in the committee grades and ii the same principle 
were involved in the manual and penetrometer tests, the corrdation 
between committee wade and penetrometer determination would 
approach 1 very closely. 

ESTABLISHING TENTATIVE GRADE LIMITS IN TERMS OP 
PENETROMETER READINGS 

With overlapping of grades, as indicated by penetrometer determina¬ 
tions or any other constant, and a lack of homogeneity of the variances'* 
in the five groups, the investigator is confronted with a somewhat 



AVERA6E DEPTH OF PENETRATION (01 MM) 

Fiottre 3 — Scatter diagiam and regression line of r fraci i\ e nidi \ and jienel roin- 
cter dotcraiinatious as indiealum of firmness of d.’il samples of back fat 

peqilexing problem in attempting to designate firmness grade limits 
After considering several possible procedures in the study reported 
here, the writers reached the conclusion that the averages of pene¬ 
trometer determinations for each of the five grades and the respective 
standard deviations should be used as a basis in establishing the 
tentative limits for these grades. After accepting 18.6 ami 26.1 as 
moans and 5.3 and 8.1 os standard deviations (table 1) for hard and 
medium-hard samples, respectively, the problem was to designate the 
most satisfactory maximum determination for the former grade and 
the minimum determination for the latter. It seems obvious from the 
foregoing that samples with penetrometer determinations 19 and 20 
woiud be classified os hard, whereas those with determinations 2.5 and 
24 would be classified as medium bard. Samples with intermediate 
determinations 21, 22, and 23 ore as yet unclassified. Table 2 shows 

* Hankins, 0 0, and Eilis, \ R Soo footnote 5 . 

*For tho method employed set* pp 207 of Snadecuk, ObOKOE W sTATUiTirAL iiETHons ap- 
PUED TO EXPERIVKHITa IN AbBK ULTVRt AND HfOlOGl Kd 3, 422 pp , lllUb 1040 
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the deviations of each of these three determinations from the two 
means and the proportion of each deviation in terms nf the correspond¬ 
ing standard deviation. 

Table 2.— Deviations of penetrometer determinations ^ of 21, 22, and 23 from the 
means for hard and meaivm^hatd grades and the proportion of lach denaiton tn 
terms of the corresponding standaia demotion 
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As sliown by the table, in the ejise of the penetrometer determina¬ 
tion 21 its deviation froni the mean for bard samples is only 45 percent 
of the standard deviation of such samples. On the other haTid, its 
deviation from the mean for medium-hard samples is 04 percent of the 
standard deviation for samples of that ^rade. In \ie\\ of the greater 
l)robability of the \alue 21 falling witliin the standard deviation for 
the hard grade, one would be justified in assigning it to that grade 
rather than to medium hard. Further comparison of the percentages 
in the third and fifth columns of table 2 indicates that the determina¬ 
tions 22 and 23 should be included in the latter grade. Therefore, 
the penetrometer determination 21 is offered as the tentative U])per 
limit of the hard grade, whereas 22 is offered as the tentative lower 
limit of the medium-hard grade. 

With the same i)rocedure, the upper limit for medium-hard grade 
and limits for the otlu‘r grades were determined. The proposed limits 
for the five grades are as follows: Hard, 21 or less; medium hard, 22 
to 33, inclusive; medium soft, 34 to 48; soft, 49 to 70; oily, 71 or more 


SUMMARY AND CONCLUSIONS 

Study was made of 351 bock-fat samples from hog carcasses that, 
had been chilled for 72 hours at 33® to 35® F. (0.56® to 1.67® C.) to 
(letermine the usc^fulness of a penetrometer for measuring llnar 
firmness. Another objiK-t was to establish tentative grade limits in 
terms of the penetrometer d(‘lerminalions for each of five degrees of 
firmness hard, medium hard, medium soft, soft, and oily. A 
penetrometer of standard type designed to determine firmness or 
consistency of foods and other materials w^as employed. The j>ene- 
trometer needle was 3.0 inches long and 0.15 inch in diameter. The 
radius of the rounded, wwking point of the needle was 0.075 inch. 
A w'cight of 255.65 gm. and a time interval of 15 seconds wwe userl. 
Penetration was determined in tenths of a millimeter. The study w'as 
conducted in 1938 and 1939 at the Ignited States Department of 
Agrieulture, BeltsviUe Research Center, Beltsville, Md. 

The overage penetrometer determinations for the back-fat samples, 
divided into the five degrees of finnness by a committee of three 
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qualified judges, increased from 18.6 for hard to 78.9 for oily samples. 
This represents a difference of 60.3 units of measurement, or 6.03 mm. 
Average refractive-index readings for these samples also showed an 
increase—from 1.4595 for hard to 1.4622 for oily sam])les. 

Correlation coefficients showed that a close relationship existed 
between (1) the committee grade for firmness and penetrometer 
determination, (2) committee grade for firmness and refractive index, 
and (3) penetrometer determination and refractive index. 

For the several grades of firmness the following limits in terms of 
penetrometer determinations have been established tentatively: 
Hard, 0 to 21, inclusive; medium hard, 22 to 33; meduun soft, 34 to 
48; soft, 49 to 70; and oily, 71 or more. 

It is obvious that the depth of penetration for any given decree or 
grade of firmness depends at least on the shape and size of the needle 
point, the weisht oi the working unit, and the period during which 
the needle is aUowed to penetrate into the sample. By changing one 
or more of these three factors possibly more useful grade means and 
limits could be established. That is a problem for future study. 



THE HEMICELLULOSES OF SUGARCANE FIBER 
(BAGASSE)* 

By B. L. Davis, Junior chemist, and Max Phillips, senior ehendst, Agrieidlural 
ChemtetU Research Division, Bureau of Agricultural Chemistry and Engineering, 
llniM States Dtpartment of Agriculture 

INTRODUCTION 

Allhuugh tlmt fraction of the carhohydrati's of plants which 
Sobulzc (fd)‘ (losii^iattHi aa “hcniicrlluloars" lias boon inTcstigated 
by chemists for about 50 years, the chemist^ of this class of substances 
is still in a rather confused stati*. A brief review of the chiunical 
literature on heniicidluloses has been given in two previous papers 
(10, 15) publishiHl by this Bureau. For a more extensive critical 
ii'^sumf* of the literature, the reader is referred to a book by Norman (S). 

There is considerable information in the literature on the chemiral 
conipositioii (as determined by convciitionai methods) of sugarcane 
{Saeefinrum offieimrvm) fiber (hagassi*). Thi* composition of the 
heniicellulo8(*8 of Uiis substance, howt*V(*r, has hei'ii the subject of only 
(wo ohcniicaJ examinations. Brinsiui Geerligs (12) isolated the hemi- 
cclIulos(‘s of hugasse in an impure state by extraction witli cold 
.5-pcrecnt aqueous aodium-liydiiixidc solution and precipitation witli 
acetic acid and alcohol, (’pon hydrolysis with boiling 2-peivpnt 
sulfuric acid, the dark gummy mass yielded a sugar that had a specific 
rotation of -| 20° and was undoubtedly xylose. In addition to this 
sugar, there were indications that in tlie liydmlysate llii're was 
lirobably present “another sugar with a higher rotatory power, perhaps 
iirahinose or dextrose proceeding from the hydrolysation of cellulose.’’ 

Browne ( 2 ) digroted sugarcane bagasse (which had been frewl of 
sugar) for 3 houra in a boiling water hath with 5-percent a(|U(H)Us 
sodiuni-liydroxide solution, eoricentrated the akhiline extract to oiie- 
third of iis original volume, and precipitated the crude hemieelluloses 
with ethanol. This crude material was thoroughly ground up in a 
mmlar with an excess of alcoholic hydrochloric acid, then was wash(>d 
with SO-jierei'iit ethanol until free of" acid, and finally was washed with 
95-perceiit ethanol and etlii'r. On hydrolysis with 4-pereent hydro- 
<*hloric acid, the product affordwl (/-xylose, together with a small 
quantity of /-arahinose. 

The inv(>stigation reported in this paper was undertaken for the 
purpose of detenniiiing the character and composition of the heinicellu- 
loses of sugarcane fiber tbagasse) by methods recently developed. 


METHODS AND RESULTS 

A quantity of sugarcane (variety Co. 281) from the field head¬ 
quarter of tbe Bureau of Agricultural Chemist ly and Engineering at 
Uie Ignited States Sugar Plant Field Station, llourna. La., was cnished 
in a small laboratory mill, and the bagasse was cut into small piec»‘s, 

^ Hocoi\(m 1 for publication February 20,1941s 
* Italic numbers in imrcnthc'scs refer to Literatim* Cited, p. 240. 
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dried in a stc^am drier, and then air-dried. A portion of this was 
ground in a Wiley mill fine enoi^h to pass a OO-niesli sieve and diied 
in the oven at 105° (\ The following eonstitiients were determined 
fin pereent):^ Ash, 2.37; nitrogen, 0.24; uronic acids (as anhydrides), 
4.1; pentosans, 22.06; methoxyl 2.40; lignin, 9.09; methoxyl in ash¬ 
free lignin, 15.9. (All results, except the percentage of ash, were 
(calculated on th(' basis of oven-dried and ash-frc'c material. The 
percentage of ash was calculated on the basis of oven-dried jnat(‘rial.) 

The bulk of the air-dric'd bagasse^ was (extracted for 30 hours with 
a 1:2 alcohol-b(*nzene solution in a continuous (extraction apparatus. 
The (extracted material was ii(eat(e(l on the steam bath until free of 
solv(‘nt and then ground in a Wiley mill fine (enough to pass a 60-ni(‘sh 
sieve. To 800 gni. of th(e extracted t)agasse (795.2 gm. of moisture- 
fr(e(e material), 8 liters of hot water (85° Cj was addej. Th(‘ mixture, 
stirred mechanically, was dig(est(ed for 2 hour^ at 85° C. It was then 
filtered, and th(» r(‘sidual material was again digcesti'd with hot water 
under the conditions just d('scrib(*d I'xeept that the digestion period 
was incrt>as(‘(l to 16 hours. The a(|U(eous extracts were combiiued, 
filtered, and concentrat('(l under ivduc(ed pix'ssure to approximat(ely 
1 lil(er. To th(e c()nc('ntrat('(l extract was addl'd 3.5 volurn('s of 9*5 
percent ethanol. The prei'ipitaie was filten'd off, waslu'd with gradi'd 
strengths of ethanol,^ and drii'd in vacuo ovi'i* anhydrous calcium chlo- 
ri(l('. The pivcipitate weiglu'd 10 gm. 

The l)agusse that had Ix'en ('xtract('(l ^\ith hot whaler was treated 
with 10 tiiiK'S its W(‘ight of hot (85° C.) 0.5-p('rcent a(|U('Ous ainino- 
nium oxalaU; solution, and the mixture was digi'sti'd for 24 hours at 
85° C. During part of this (lig('stion period the reaction mixture was 
stirred nu'chanically. It w^as then filtered, and the filtrate obtained 
in this I'xtraction opt'ration, like that from the previous one, was con- 
centrat(*d under reduced pn'ssure. To the concentrati'd solution 3.5 
volunu's of 95-percent ethanol, ^hich had Ix'en acidifii'd w'illi Indio- 
I'hloric acid, was addc'd. The pivcipitate was separaU'd with the aid 
of th('('cntrifuge, waslu'd '>\ith 75-perci'nt ethanol until fri'c of oxalate, 
and finally was waslu'd witli gradi'd strengths of ethanol and with 
ether. It was (lri(Hl in vacuo over phosphorus pentoxidi' in the 
Alxh'rhalden drier at 56° C\ The crude p('<'tin thus obtaiiu'd weight 
7 5 gm 

PARTIAL DKLIGNIFICATION 

The bagasse that had been (‘xtraotc'd witli 0.5-p('rcent ammonium 
oxalate solution was waslied with cold water and then tn'ati'd with 10 
times its dry weight of an alcoholic sodium hydroxide' solution (made 
by dissolving 20 gm. of sodium hydroxide in 150 cc. of water and 800 
cc. of 95-perc(‘nt ethanol). The mixture was digi'sted at room temper¬ 
ature for 24 hours, during which it was stirrt'd intermitt('ntly with a 
mechanical stirrer. The plant material was filten'd off and digesti'd 
twice with alcoholic sodium hydroxid(', as previously (lescrib('d. 
The combined alkaline alcoholic extract was neutralized with hydro¬ 
chloric acid, and the solution was concentrated at 50° C. under 

1 Ash was (Hormmpd by hurnme (he samrde in an elertne mulllr at fiOO® C. Nlimaon was detormiiiod 
by the KJeldoM-Giinnini! Arnold method, and (lentosans by the Tullens-KrolMY procedure, as described by 
the Avooiatiou of OfHeial A^icultiiral rhemiats (/) The uronic acids were detiyimned aecnrdinR to the 

B rooediire recommended by Dickson, Otterson, and Link (1), as modified slighM> by Phillitis, Goss, and 
rowne (If) ^'ho iiorceiitaKe of methoxyl was determined bv tbo method described by Phillit^ (9) The 


< The term *'in^ed strenffths^* of ethanol as used in this pafier means TU-fierccmt, (U>-ikvis ni, 06-pereent, 
and absolute ethan d 
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rodiicod prosauro. Tho roncc'iitrntod solution was acidiricHl with 
liydrochloric acid, and tlio procipitutod lignin was filtorod off, washed 
witli water until free of acid, and then dried in vaeuo at (»0® C.j The 
yield of lijrnin amounted to .*11^ jrin. It was a y(»llow amorphous mate¬ 
rial. No furfural was obtained when this lipnin w^as distilled withal 2- 
pereent hydrochlorie aeid. 

The filtrate from the lignin preeipitate was ru'utralized with sodium 
hvdroxid(‘ solution and evaporated to dryness on tin* steam bath. 
When tli(' residue was distilled with 12-pereent hydroelilorie aeid no 
furfuiral was obtained, iiidieating that in all probability the method 
of delignifieation us(*(l did not result in the removal of any of the* 
furfural-yieldinp (‘onstituenls. 

ISOLATION OF TIIK ('RIJDK HEMK'LLLULOSES 

The residual bapissi* from fhe deli^nitic^ation o])(Tation deseribed 
above was luxated on the stc'am bath until the aleohol had evaporated. 
It was tlien mixed with suffieieiit 5-pereent aqueous sodium hydroxide 
solution to make a thin sus])ension, and thc‘ mixture was allowed to 
disrc'st at room tc'inperalure for 24 houi*s. The reaction mixture was 
stirnxl fi’om time to time*. At the end of the 24-houi‘ period, the 
mixture was filtensl, and the digestion of the n'sidual material wdth 
r)-y)ereent acpieous sodium hydroxide solution w'as repeated three 
tinnvs. To the eoinbined alkalim* extracts 3 volumes of 95-pereent 
ethanol was add(»d, and the yireeipitated hemieelluloses w^ere s<'])arated 
with the aid of the eentrifuyje. The product was w’ashed wuth ethanol, 
to wliieh a litth* acetic* acid had been added, until free of alkali uml 
w^as then washed with ethanol alone and finally with ether. The 
hemieellulose ])r('paration was dried in vaetio over anhydrous ealeium 
chloride, wliieh frc'ed it from most of the ethanol and ether. It was 
then moistened with an equal weight of water and elilorinated for 1 
hour, the proeedun' deseribed in a previous ])ublieation {Id) beinyj; 
jr(*nei*ally followed. The chlorinated jiroduet was mixed with enouj^h 
95-pere(‘nt ethanol to form a thin susyiension, tin* mixture was well 
sliak(*n, and the aleohol was separated W'ith the aid of the eentriiuf^e. 
To the residual material a 3-iH‘reent ethanolamine solution in 95- 
pereent ethanol w^as added, and the mixture wras heated for iO minutes 
under a reflux eondenser in a water bath maintained at SO® (\ The 
reaction mixture* w’as allow'(*d to cool lo 50® (\ and then w'as eentri- 
fusjed. The sup(*rnatant lif|uid was drawn off, and the extraction 
with ethanolamine solution was repeated. The extracted hemieel¬ 
luloses, aftei’ beinyr washed with 95-pereent ethanol, w’cn* suspended 
in a 5-])erec*nt a(|ueous sodium hydroxide* solution and preeiyiitated 
by the addition *>f three volumes of 95-pereent (*thanol. The hemieel¬ 
luloses were separated with the aid of the eentrifiiyre, washed with 
neutral 70-per<*ent ethanol, then with 70-pere(*nt ethanol acidified 
wdtli acetic aeid, and a<?ain with neutral 7()-pereent ethanol. The 
mat(*rial w^as then w^ashed with grraded strenjrths of ethanol and 
finally wdth anhydrous ether. 11 was dried first in a vacuum desiccator 
over anhydrous calcium chloride at room temjieratun* and finally in a 
vacuum oven at 40® C. The yield amounted to 117 gin. An analysis 
of this product gave tlie following results (in pere(*nt): Ash, 1.5S; 
nitmgen, 0.03; uronie acids (as anhydrides), 4.90; p<*nto8ans, 05.36; 
lignin, 0.20; methoxyl, 0.50. (All percentages exciept that for ash 
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were calculated on the basis of moisture-free and asli-free malerial. 
The percentage of ash was calculated on moisture-free material.) 

HYDROLYSIS 

In a preliminary experiment the hemicellulose preparation (35.4 
gm. of moisture-free and ash-free material) was treated with 2,000 
cc. of 2.6 percent sulfuric acid, and the mixture was boiled under a 
reflux condenser for 15 hours. The reaction mixture* was allowed to 
cool, and the dark insoluble mateiial was filter(*d off. To the filtrate* 
approximately nine-tenths of the calculated quantity erf barium 
hydroxide solution was aelde*d slowly, while the re»action mixture was 
stirred mechanically and the te*mperature was maintaineel at 40° C. 
An exce'ss of powdered barium carbonate was then adeie*ei, anel the 
mixture was he'ate*d at 70° C. until the aciei W’^as completely neuti-alizeel. 
Some ele'coloiizing carbon (Norit) was then udeh*el, anel the* mixture 
was heated for another 15 minute's. It was the*n filtereel, the insoluble 
material was washe*d wdth hot wate*r, anel the washings W’ere aelele*d 
to the main filtrate. The filtrate W'as cone*entrated to a volume of 
approximately 150 cc. undc'r reduce'el pre*ssure at a temperature* not 
exceeding 50° C. The cemcentrate'd solution was poure'el slowly, with 
stirring, into four volume's erf ahsolute erflianol. The* pre'cipitate*el 
barium salt was separate'd with the aiel of the* ce*ntrifup*. After the* 
clear supe*niatant liquiel was drawn off, the barium salt was waslie'el 
with absolute ethanol anel with anhydrous e*lhe»r anel was the'ii elrie*el 
in vacuo over sulfuric acid. The elrie'd material weighe»el 1.2 gm. 

The filtrate* from the* barium salt was eh'coloriKe*d with e*arhon 
(Neirit) and cone*e'ntrate*el unele'r re*elue*e*d pre*b8ure at 50° C\ to a thin 
simp. This was poutvel, with stirring, into 4 volume*s erf absedute 
ethanol, and only a slight pre'cipitate was proelue‘e*el. Tlu* ale'oholic 
solution was ce'utrifuge'el, and the clear supernatant liepior separate*ei 
from the small quantity of gummy matter was again conce*ntrate*(l 
under reduce'd pre'ssure at 50° C. The sirup was allowe*el to re'inain 
in a elc'siccator ove*r anhyelrous calcium chloride* until crystals began 
to form. It was the'n allowe'el to re'inain in an e*le*ctrie* re*frigerator 
until a consiele'rable quantity 0 / sugar liad crystallize*el out and the 
mixture was the'n filtered. The sugar was reciystallize*d freim 75 pe'r- 
e'e'nt ethanol, and after drying in the vacuum dt'siccator ove'r sulfurie* 
acid it weiglu'd 16.0 gm. This sugar was ideiitifie'el as e/-xylose by its 
me'lting point, by the re*frae‘tive inelice's of its crystals,"* anel by Ber¬ 
trand’s methoel (5), Bertrand’s double cadmium salt was also ide'iiti- 
fie'd by di'tei*mining the refractive indieu's of its crystals anel compar¬ 
ing th(*m with a known specime*n of this salt. 

From the simp remaining after the se'paratiem erf the e/-xylose 
crystals, a diphenyl hydrazone was prepare'el. This was iele*ntifi('el 
as the diphenyl hydrazone of f-arabinose* by its melting point anel 
by the optical prope*rtie»8 of the crystals. On oxidation with nitrie* 
acid the sirup yie'lded oxalic acid but no mucic acid or sae*e*haric acid. 
Both the Pinoff (S) test for fructose and the te*st for manneise were 
negative. 

The barium salt obtained in the hydrolysis of the hemict'llulose 
preparation described above gave Tollens’ (14) napht^Lore'sorcinol te'st 
for uronic acids. On oxidation with either nitric acid or bromine 

< All identlflOtttlmiR by optioal methods were made by O, L Keenan of the Microanulylienl Division of 
the Food and Drug Admioutratlon, Federal Security Agency. 
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wal«‘r, it gjavo no miicic acid, thus indicating: tlu' absence of g:alactu- 
Iconic acid. The barium salt was dissolved in walt'r, and the cal¬ 
culated quantity (less 5 percent) of standard sulfuric acid solution 
retpiired to liberate the combined acid was added, and the mixtun* 
was warnuHl for 15 to 20 minutes at (>0° C\ The barium sulfate 
was then filtered off, and the filtrate was conc<‘ntrated under reduced 
j)r(»a8iire to 60 ec. (the temperature of the bath during: concentration 
did not exce(‘d 45°). The concentrated solution was poured into 
200 cc. of absolute ethanol, and the mixture W'as allowed to stand 
overnig:lit, after-which the excess barium uronate w'as filtered off. 
Th(» alcoliolic filtrate was distilh^l umler rc'duced pressure at a tem¬ 
perature not exceeding: 45°, and the concentrated solution W'as diluted 
witli water to a yoluiiu* (if 40 cc. To tliis solution was added a 
((uantity of solid cinchoniin* somewhat in excess of that required for 
coniphde neutralization of the acid, and the mixture* was warrneel on 
the* st(*am bath for 15 minutes. The excess of cinchonine was filtered 
oir, and the filtrate* was extracte*d with twe) 20-cc. portie)nR of eddore)- 
feirm. The aepie'ous solutiem W'as ce)ne*e'ntrate*el in the vae*uum eli*sic- 
e'ateir eiver calcium chloriele. The edmdiemine* salt editaiiied W'as 
re*e*iys1allize'el from wate'r. It me*lte*d at 100° C. •(e*e)rre*cte'el). Whe'n 
mixe*d with se)me pure* (dnedionine gclucuronate, the* mixture me*lte*ei 
at 1S0° (e*e>r*re»cte*el). It was not peissible* to e*stal)lish the* ide*ntitv 
4)f the* salt by optie*al me*theals, be*cause the refractive inelie*e*s e)f the 
e*i>slals e)f cniediemine g:lueuronate and of cinediemine* g:alae*ture>nale 
we‘re* found to be* so ne‘arly alike as to be* indisting:uislu\ble. 

The* bruedne* salt was pre*pare*d in a similar manne*r. \Vh(*n the 
melting pe)int e)f the salt was eleteriniiu*el, the following was not(*d: 
At ube)ut 170° i\ the* mat(*rial shrank away Irom the side of the* m(*lt- 
in<i'-pe)int tube, anel at 10:i°-10r>° (e*oiTe*ct('el) it m(*lte'el wilhe>iit any 
notie‘e*able ele‘eompe)silie)n. The same behavie)r W'as nede'el wheii the 
ni(*iling pe)inl e)f a Kne)W’n and pure* spe'cinu'n e)f brucine glucureniate* 
wa* eie'termiue'd. As in th'*case* eif the cinchoninesalt, it wuis impe>ssihle 
te) I'stablish the ielentity e)f the salt by e)plie'al me'the)els and fen* the 
same re*ase)n. 

H (•anue»t be said that the* iele*ntity eif the ure)nic acie) was e*stabIish(Ml 
be‘Aemel any ele)ubt; n<*verthe*less, the* melting ]>oints of the tw'O salts, 
1og(*the*r with the* fact that ne) miicic aciel w'as e'>btaine*el eni eixidation, 
are* strong inelicatienis that the urouic ae*iel obtaine*el was glucureniic 
ae‘id. 

A se'e*e)nel l)ateh of hennce*llulose, e*orre*sponeling to gin. of 

moistiir(*-fre*e* anel ash-fre'c mate*rial, was hydrolyze*el wdth 2,500 ce*. 
of 2.5-percent sulfuric aciel, fedlowdng the proe*i'dure eh'seribe'd abeive*. 
Aft(*r reme)val of the* barium uremate, the ale'ohol w'as re*ine)ve'd frenn 
the solution uneh*r re'due*eel pre'ssure at 50° (\, after wliich the con- 
centrate»el sugar solution was dilute*d with water to a volume of 500 cc. 
The total re'elucing sugai*s in this sedution, ns eletenniiu'el by the methe>el 
e)f Munsen and Walker (i) amountc'd to 39.94 gni. (calculated as 
gluceise). When a 3-ce*. alieiuot of the sugar solution was distilleel wuth 
12-pe*rcent hyelroe*hloric ae*iil, and the distillate was tre'ateMi with pldoro- 
glueinol solution, follow^ing the procedure used for the eleterminatioii 
of pe'utosans, 0.2;>()() gm. of phloroglucide pre'cipitate was obtaineel. 
This is the (*quivale*nt of 20.92 gm. of furfural in the* total sedution. 
The sugar solution w^as also analyzt'd fe)r arabinose by the Wise^and 
l^*te*rson (If)) moelification of tl\e method of Neuberg and Wedd- 
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gl^muth (7), and was found to contain a total of 1.40 gm. of arabinoso. 
The pem*ntace of furfural afforded by the hemicellulose preparation, 
when distilled with 12-percent hydrociiloric acid, was also determined. 

The analytical data and the composition of the hemicellulose prepa¬ 
ration calculated from these data are as follows (in percent):® [Ironic 
acid (as anhydride), 4.96; total furfural, 5f).99; furfural from uronic 
acid, 0.94; Z-arabinose, 3.70; furfural from /-arabinose, 1.77; furfural 
from rf-xylose (by difference), 53.28; //-xylose (calculated from fur¬ 
fural), 92.5; molar ratio of uronic acid to Z-arabinose and //-xylose, 
1:0.87:21.9. 

SUMMARY 

The hemicellulo8(‘s were isolated from sugarcane fiber (bagasscO 
which had previously been freed of sugars and pectin. The product 
obtained was light gray and was practically frei' of nitrogenous sub¬ 
stances and lignin. On hydrolysis with dilute sulfuric acid it afforded 
rf-glucuronic acid, /-arabinose, and //-xylose in the approximate molar 
ratio of 1:0.87:21.9. 
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FACTORS INFLUENCING RATE OF GAIN OF BEEF 
CALVES DURING THE SUCKLING PERIOD ‘ 

By Bbadpord Knapp, Jr., asHodaie animal husbandman, and W. IT. Black, 
senior animal hnshandman, Animal Husbandry Dimsion, Bureau of Animal 
Industry, Ignited Slates Department of AgriruJturf 

INTRODUCTION 

The following study was imcUM'tnkcMi as part of a broad project to 
evaluate the facioi's that influence the efficieiv'y of feed utilization 
in cattle. One of the objects of a record-of-perforiiiaiice piDgram 
witli cattle is to doviso a means of evaluating growtli ability and 
elliciency of gain at an early age. Knapp, Lambert, and Black (fO) *■’ 
have shown that birth weight is of limited value as an iiuh'X of a calf^s 
growth potentialities. They showed that a calfs prenatal growth 
is priinarilv an expression of the dam, and therefore that little of the 
variation in ])renatal growth can be attributed to genidic dilferences 
between calves. 

The n(‘xt j)eriod of development, the suckling period, is at first 
one of adjustiiKUit to a new environment following parturition. 
Milk makes up the larger portion of the diet, though in the latter 
part of the suckling period other f(‘eds gradually replace it. Since 
milk is an (*xcellent fooil for growih, the suckling pericKi is one of large 
skeletal increase. Approximately SO percent of the mature skeletal 
size' of cattle has been attained by the end of the su<*kling period, 
whereas only al)out 40 ])ercent of tile mature wrigbi has beiui reached. 
If it WTie possibli* to evaluate an animal l)y th(» (Uid of the suckling 
piTiod, a great amount of tinu* and labor might be saved. Th(‘ study 
reported in this paper was made to determine the factors that influence 
the rat(» of gain in calv(*s during the suckling period and also to ascer¬ 
tain tin* value of rate of gain during this period as a basis of selection 
for breeding. 


PREVIOUS INVESTIGATION 

Donald (J), as a result of a study of milk consumption and growth 
of suckling pigs, stated: 

The effect <»f an in\eMi| 5 Jiti<>n sacli as this ih to rec<>nsi(lor.‘itioii <)f the 

importance' of Miriahilitx in weaning or 3-ue**k \ieiKht. l^in’eivnces in size 
among >J)njig pigs are probai)l\ useless for eom])uring their genetic (|ualit\. 
Snell (lifferenci's as ha\e foiiml, and even some deaths, ean lie satisfactorily 
explained by variations in the lex el of nulrilion. 

lie also stated: 

The lightest iiigs at or before weaning are by no mi'ans ahxaxs the “poorest 
doors” in later life. 

Donald (j) also mad<' a eomj)arison (»f pigs reared by foster mothers 
with those reared by their own dams. Half of each litter of pigs 

' Komvrd fo! |)uhhcition 24, 19tl. 

* Itiilic numbcTs iti pumthescs lolci to Litcnitiiii' Citrd, p. 2)4. 
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was transferred to a foster mother and lialf remained with the natural 
dam. Thus half of the pigs suekled by each sow were foster pip 
and half were her own. It was found tliat the milk production of tfio 
sow and other influences attributable to the sow had a greater effect 
on the gains of the animals than did any other sources of variation. 

Comstock ^ found that there was no correlation betww'n weaning 
weight and postweaning growth in swine when growth rate was 
calculated at a comparable stage. Ho su^ested that tho absence 
of correlation may b<‘ duo partly to growth limitations of some of the 

J >igs during the suckling period and partly to iliffenmt genes control- 
ing growth during the suckling and postsuckling periods. These 
n'siilts are in entire agreement with the observation of Doiwld (£t). 

Black and Knapp (7), in a study of rccord-of-p*rformance steers, 
showed that then* was no corr(*lation between eflBciency of gain befoi’c 
and after weaning. They also noted a low in*gative correlation in 
rate of gain before and after weaning. The lack of correlation in 
both efficiency and rate of gain may liavc been due to inhibition in 
growtti, during the suckling period, of steers with inherently liigli 
efficiency because of limited nutrients, their true inherited effic-ieiwy 
being displayed after weaning when feed was not limited. 

MATERIAL AND METHODS 

For the onwiit study the records of 58 beef Shorthorn calves from 
the ITiiited States Department of Agriculture, Beltsville Research 
Center, Beltsville, Md., and 180 Hereford calves from the United 
States Range Livi^tock Experiment Station, Miles City, Mont., were 
used. The Shorthorn calves were sired by 8 bulls and the Her«*ford 
by 3, The study was made at Beltsville in 1940 from data obtained 
iti 1931-36 for other purposes. The <lata available from Beltsville 
included a iword of sires, dams, sex, birth weights, weaning weights, 
an<l the quantities of milk, grain, and hay consumed by each calf. 
Milk consumption was calculated by w(‘ighing the calf 1 day each week 
before and after nursing. Both grain and bay were fed iiidividually, 
and each calf was allowed all it wouhl consume. The grain mixtura 
consisted of 4 parts by weight of cracked com, 3 parts of crushed 
oats, 2 parts of wheat bran, and 1 part of linseed nu'al. The hay 
fed was No. 2 leafy alfalfa. 

In the study involvuig rate of gain as a basis of selection for braed- 
ing, bull and steer calves at Beltsville were us(*d, selection of the bull 
calf being made at 140 days of age. At that time all bull calves were 
judged for beef characteristics. Bulls that failed to meet the standard 
set up were castrated and fed out as steers. Castration was bloodlras 
and had little or no effect on the animals at the time. The dams of 
the calves also wore scored for beef characteristics at invgular uitorvals 
over a period of years. 

The data available from Miles City included a reconl of sires, dams, 
sex, birth weights, weaning weights, and ages at weaning. Tho calves 
were weaned at an average age of 180 days and were not grain-fe(l 

up to weaning. 

■■■■ .. 1 

trOllSTOCK, R E THI BSLATIONSniP RFTWBXN WXANINO WEIGHT AND POSTWEANfNfr RATF. [Un¬ 
published 1 * 



251 


Auk 15 .1841 Factorn Influencing Rate of Gain of Beef Calcen 

A corrolatioii study of tho Boltsvillo data was niado to dotermiiu* 
the etfoct of consumption of (lifforcnt quantities of milk, grain, and 
hay on rate of gain during tho suokiing period. Both tho Boltsvilli* 
and Miles City data wore analyzed to dcdonniiu* the variance of daily 
gain due to sires and sex of calves. Correlations and analyses of 
vnHance as outlined by Snedecor (7) were used in the analyses of tlie 
data. 

EXPERIMENTAL RESULTS 

In the study of the Beltsville data, the following correlations 
were found: 

( orrtlaltan 


Siinple corrolal ion IjcI eon * 

l)ail> gain and ({uanlity of milk **0 ol7 

Daily Rain and quantity of grain . 209 

Daily gain and quanti1> of h*'\ .121 

Quantities of milk and grain ' ' .142 

Quantities of milk and ha> **. SKS 

Quant I (lo*^ of grain and 4.36 

Multiple correlations betv^oen daiU gain and quantities of 

Milk ami grain r>91 

Milk and hay. *'*' 621 

(Sraill and hay 211 

Milk, grain, and lia> *+ 641 

Partial correlations bet eon dnl\ gain cul quant it \ of- 

Milk (grain and lia> constant) . 619 

(irain (milk and hay constant . 188 

l!a.\ (milk and grain constant) . +.308 


i • htatisticalK siKtiifi<anl, J* 0 ir) *• IIichK sicniflc ml, P a 01 

The simple correlations indicate that of tlu‘ feeds consumed tlu‘ 
quantity of milk had the gn'al(‘st effect on rate of gain, followed in 
order l)y grain and hay. These last two correlations are not statis¬ 
tically significant, howevt'r. There was a slight tendency for the 
calves that consumed th(» most milk to consume the least hay and 
grain. The correlation between the cpiantities of grain and hay 
consumed is significant. The multiple correlations indicate that gain 
l)er day is associated with these tlu-ee variables, which account for 
as much as 41 percent of (he variation in rale of gain. Partial cor¬ 
relations show that the quantities of milk and of hay consumed are 
significantly correlated with daily gain but that the quantity of grain 
consumed is not sipiificantly correlated with rate of gain. This 
finding seems to indicate that the more bulky feeds, milk and rough- 
age, have the great(‘st effect on rate of gain, whereas grain, a more 
concentrated feed, has little effect. This is in agreement with obser¬ 
vations made by animal husbandmen. 

Tablk 1 —Anfilynin of vanance of daily gainn, during the ruckling piriod^ of 5S 
Shorthorn calven smd by S htdln at HdtsvilU, Md. 


Variation 

1 Deerees of I 

1 freedom | 

Sum of 
sciuares 

Mean 
square > 

Due to .sex > 

J 

1 3582 

•0B791 

Due to hire effects 

14 1 

1 185 

0847 

Bet>heen calves of the same sex anil from tho saiiie wro 

41 

1 83»'> 

0446 

Total 

57 

1 3741 1 

0767 


• •• P < 0 01, Inglily hiKiiifk«nl « 

• AnimiUs were sorted on the basis of 3 sex difTerences, there ^ere 14 bulls, 15 steers, and 29 heifers. 
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Tablo 1 shows the variance of daily gains, due to sex and sires, 
of the calves from Beltsville. The analysis shows that differences 
between s('xes are statistically signiffcaiit, whereas differences between 
the progeny of different sires arc not significant. By analysis of 
covariance, differences due to sex in tlie correlations were eliminated. 
The con'clations for calves of the same sex indicate little change in 
the relationship between quantity of fc‘ed and rate* of The 

multiple relationship was reduced from 0.641 to 0.529. The* inelica- 
tions are, howevcT, that approximately the same relationship e*xists 
between rate of gain and the qiuintities of milk, grain, anel hay 
consumeel among e*alve's of the same sex as among those of the* e»ntire 
population. There were no significant ye'arly e'flects owing to the 
fact that the calvf*8 wTre born eluring all se*asons e)f the ye'ur, e'ausing 
a larger variation within year than betwe*en years. 

Furthe*r analysers of the Bedtsville data show that bull calve»s con- 
suineMl significantly more* milk than steer e*alve's, but the*re W’e*rc no 
significant differenc(*s in the e|iiantitie's of grain anel hay e*onsiiined by 
bulls anel 8te*e'rs. This fineling 8eH*ni8 to indicate that the supcrieir 
bee'f characters of the bull e*aive's retained fe)r breeding were* elue to 
the gr(*ate*r quantitie*s of milk e*onsumed eluring the* suckling periewl. 
As alre*aely state'd, signifie*ant eliffe*rc'nce*s in elaily gains betwe'cn the* 
progeny of sire's W(»re ned ele*monstrate*d. Sine*e* milk pre>elue*tie)n of the* 
cows bre»el to elifferent siivs may vary e*ithe*r tlire)ugh ae*ciele*ntial or 
pre*me'elitate'd se'lection eff the e*e)ws for high milk proeluetion, the* use 
of elaily gain during the suckling pe*rie)el as a me*asure of genetie* su¬ 
periority of the pre)geny for growth is subje*cl to ejue*slion. 

In di'termining the value e)f rate of gain as a basis lor sele'ction, tfie 
analysis of variane'c of gains, milk e*onsumption, anel sce>r(*s of elams 
and Valve'S gave the following re'sults: (^dve's sa\e'el for bulls inaeh* the 
iimst gain up to 140 elays e)t age; the'y were from ce)ws that ga^e the* 
most milk up to 140 elays; and the*y were f?*om the pe)e)n'st sewing 
cows for bee'f characte*rislie*s. The first two re'sults indicate that 
sele'ctiems we*re nsse)ciate*el with nutritional eliHejrnce's and that as a 
rt'sult e)f such sele*<*tie)n the milk pre)eluctie>n e)f the herel w'e)ijlel be 
inaintaine*el at a high leve*!. This high milk-production U'vi*l we)uld 
result in a comparatively low^ e*e)st pe*r peujnel of fe'e'elcr calf. How- 
eve*r, the fact that the* bull e*alve's sele»e*l(*el were from the pe)e>re*st 
sce)ring e*eiws for bee*f characteristics inelie*ate's that the* m(*lheMl e)I 
se*le*e*tion use*el woulel re'sult in peairer be'cf qualitii's in the he*rel. These 
qualities may ned she)W’ in the animals se*le'cte*el but we)ulel be lik(*ly 
to elo so in tieir preigeny. For example, at Bedtsville, e)ne' e)f the* herel 
bulls sire'd thick-fle*she*d ste*e*r cahes as sliown by the physical analysis 
e)f the'ir carcasses. A son of this herd sire, se'le*cte*el as shown abene, 
was out of a cow of jjoor beef quality but of high milk pre)eluction. 
His progeny had signifie*antly more bone anel less fat than their sire. 

A similar conditiem of selectieui was repeirteel by Phillip anel Dawson 
(6*) in shee*p. The*y found that in the se'h'ction of lambs for bre*e(liiig 
single lambs were favori'd over twins, early lambs over late lambs, anel 
heavy lambs at birth over light lambs, although no conscious effort 
was made to favor any of these groups. 

As already stated, an analysis-of-variance* stuely was meide e>f the 
daily gains of 180 calve*s sireel by 3 bulls at Miles 0ity,*Mont. Black 
and Knapp (£) observed significant diffe'remces, in rate of gain subse- 
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S ucnt to weaning, in the progeny of the three bulls. Table 2 shows 
le analysis of varianee of the daily gains prior to'wt^aning. With 
these ealves, as well as those from Beltsville, signiheant differonec'S 
wer(» observed between sextos but not between the ])rogeny of different 
sires. The small differenees that were observe^d between the ])rogeny 
of different sires are pj'obably the result of the nutritional level rather 
than of genetie variation. 


Table 2 AnalynU of varianc< of daily gatmtf during tht suckling ptriod, of 180 
Hereford cnlves sind by d bulls at Mihs City, Mont. 


Vftt latum 


Due to M'\ 

Dm* to sue flItTts 

netac'OM c*ul\«‘s of tin* suriu* sr\ aiut from fhi* Siinu* siu* 
1 t>tal 



Sum of 

IVIcJIl 

fKHMloni 

^quart's 

squHiv 1 

1 

0 40W) 

*•0 4«W) 

4 

27NK 

.«h<)7 

174 

0 (i7W> 

(7184 

ITU 

7 

0111 

- 

— 

1- 


> 0 ()1 hi«h'\ siunifiranl 


Since the study showed no significant difference in rat(» of gain dur¬ 
ing the suckling p(»riod in th<‘ progenj^ of different sires, it may be con¬ 
cluded that rate of gain during this period is no indication of the 
geiH'tic superiority of the calves. However, determination of rate 
of gains during the suckling perual would be of value if this gain were 
show’ll to have a close corrt^lation with gain after weaning. A corre¬ 
lation study on record-of-perforinance llen^ford stet'i’s at Mih^s City 
showed a coefficient of 0.023 (nonsignificant) b(‘tween rate of gain 
bi'fore and after W’eaning. This observation is in agreiunent wdth that 
of Black and Knapp (/) wdth cattle, and with tliose of Donald (li) 
and (^omstock ‘ with swine. The conclusion seems sound, therefore, 
that there is little or no relationship between rate of gain during iLv; 
suckling period and rate of gain alter w<»aning. (\)nse(iuently, as a 
im^thod of genotypic selection, observations on rate of gain prior to 
weaning have little value. 


SUMMARY 

The study reported in this paper w’as made to determine the factors 
intiuencing rate of gain in beef calves during the suckling period and 
to ascertain the value of rate of gain during this period as a basis of 
selection for breeiling. 

A statistical study of tin* daily gains during the suckling period 
W’as made on 58 beef Shorthorn calves at the United State's Depart- 
UK'ut of Agriculture Bedtsville Kesearch CVnter, Beltsville, Aid.; and 
ISO Hereford calvc's at the Range Livestock Exp(*riment Station, 
Aides City, Alont. The work was carried on at Beltsville in 1940 
wdth data olitained in 1931-30 for other purposes. The influence, 
on the daily gains, of sires, dams, sex birth and weaning weights, ages 
at weaning, and milk, grain, and hay consumption, w’as determiru'd. 

Partial coiTclation studies indicated that under the conditions of 
this study, milk consumption had the greatest influence on rate of 
gain, followed in order by hay ami grain. The combined influence of 
these three variables accounted for 41 percent of the variation in rate 
of gain during the suckling period. 


* Soe ffiotnote 3 
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The analysis-of-varittnco stii<ly indicatod that differences between 
the pi^ogeny of different sires cannot be demonstrated by rate of pain 
during the period prior to weaninp. Furthermore, evidence is 
presented wduch siiows that there is little or no ivlationship in rate of 
pain before and after weaninp. Sex was found to have a sipnificant 
influence on rate of pain. The study indicatc'd that wdien sc'Iection 
of broedinp animals vras made during the suckling period, tJie calves 
selected were those that made the greatest pain and that they w(‘re 
from covrs which pave the moat milk but scored the poorest for beef 
charact<»ristics. 
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HISTOCHEMICAL DETECTION OF GLYCOGEN IN BLOOD 
CELLS OF THE SOUTHERN ARMYWORM (PRODENIA 
ERIDANIA) AND IN OTHER TISSUES, ESPECIALLY 
MIDGUT EPITHELIUM’ 

By J. Fbankiin Yeagkr, ttvnior mtomoloffist, nnd S vm C. Munson, junior zoologist, 
Division of Vonttol 1 n vest i gat ion Bimnn of Entomologg and Blunt Quatanline, 
United Fitates DvparinHnt of Agriculture 

INTRODUCTION 

Altlioijj^h tlie storage of carbohydrate in the fonii of glycogen 
IS apparently related to the metaniorphic processes c)f holonietabolous 
insects, little is known regarding the processes of intermediary car¬ 
bohydrate metabolism that (K*ciir in insects. Virtually nothing is 
known us to whether a given status of intermediary carbohydrate 
nu^tabolism may influence the degree of susceptibility or I'esistance 
of an insect to a poison or to an iiisi'cticidal prcK^edure. It has been 
reported f)J)- that the inclusion of brown sugar or molasses in 
ceHain insecticidal s|n‘ays or baits may result in an increased kill of 
certaiij insects. The added sugar or molasses is lielieved to cause 
the poison to be held t)n the spi*ayed foliage for a longei* time, thereby 
increasing the amount of poison that the insect ingests. Richardson 
(f)J) has rejuiiftHl that the addition of brown sugar or molasses in¬ 
creases the solubility of an arsenical iiiM^ctic'ide in tin* sjmiy. Tn such 
a case an increase in the carbohydrate content of the gut might cause 
more poison to be held in .solution in the digesti^e juices of the insi»ct's 
alimentary tnict, whether the carbohydrates were iiige.sted along with 
or pri«)r to the jioison. If this should weur, an increase in the carbo¬ 
hydrate content of the insect’s blood or hemolymph (i. e., an alimen¬ 
tary hyjjerglycemia) might produce a greater solubility of an arsenical 
poison in the blood, and hence ])ossibly a greater effectiveness of the 
poison ii])on the insects tissues. Ini^'stion and absorption of suf- 
licient carbohydiate might itself have an injurious or lethal effect 
upon at least certain species of insects (//>). Thus, from the stand- 
l>oint of toxicology as well as physiology, further knowledge of the 
occurrence, di.stribution, and metal)olism of carbohydrates in insects 
is requinnl. 

Tn a study of the blood cells of the southern amiywonn {Prodenia 
erfdati/a (Cram.)) glycogen was delected in certain of the blood cells 
and in some of the large midgut epithelial cells that frequently oc¬ 
curred in blood smears from first and second instars. This pa]ier is 
the report of a qualitative investigation of the occurrence of histo- 
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proofs to the Bauer method. Negative couiiterproof results indicated 
that the glycogen had been digested by the ptyalin of the saliva, and 
tliat the positive Bauer reaction was not caused by mucin. 

IDENTIFICATION OF INSTARS 

To identify the different instars used in this investigation, head- 
capsule measurements were utilized. A larva was considered to he 
of a mven instar when its head-capsule measurement (width) approxi- 
matea the mean value of head-capsule measurements for that instar 
as determined by Mayer and Babers,® w’hose data show that the 
southern arniyworms reared at this laboratory develop through six 
instars. Generally, the inatui’e larva stops eating a short time before 
entering the ground. Tlie age within a given instar was detenuined, 
in some cases, by isolating a larva of known instar, noting when it 
molted, and utilizing it at a determined subsequent hour. The age 
of a first instar was determined from the time of liatching. Similarly, 
ages of ])U])ae and adults were determined, respectively, fi'oiri tl\e 
times of pupation and emergence. 

SIARVATION AND DEEDING 

Ill slarvation and feeding exjieriments ni)on newly hatched larxae, 
insects that hatched at the same time weiv sejiarated int<) six group*-. 
One group w^as starved. Each of the other groups w as fed one «>f the 
folloxying diets: (1) Turnip leaves, (2) gelatin gel, (H) gelatin gel 
containing glucose, (4) cornstarch paste, and (5) coinstarch paste 
cemtaining glucose. A mold soon dex eloped on the gelatin, xxith or 
without glucose, which xxas fed to the larx’ae in the foim of a gelled 
layer covei’ing the insides of the lieakers holding the larxae. The 
conistarch diets were supjilied as a thick paste pre])ared bv boiling. 

Sixth instars were also staiTcd or fed individually the folloxxmg 
diets: (1) Turnip leaves, (2) collard leaves, (H) white cabbage leax’es, 
(4) green soybean leaves, (5) yelloxx’ed soybean leaxes, (6) cornstarch 

J iHste containing glucose, and (7) cornstarch-glucose paste in tiiinii)- 
eaf sandxviches. In these experunents the foods wTi*e snpi)lied to the 
larvae qualitatively, but in general the lutio of glucose to cornstarch 
was about 1 to 10 In other experiments hiiwao were fed larger 
amounts of glucose (up to about 1 jmit to 2 ]>arts of boiled cornstarch). 
Aflyr haxdng access to cornstarch-glucose-turnip leaf sandwiches for 
a given len^h of time (usually about 1(5.5 hours), and an interval of 
2 to 3 hours’ starx^ation, some of these larvae xx^en' ligatuivd.* Liga¬ 
tured and unligatured larvae were then fed comstarcli-tiirnip leaf 
sandwiches. 

The periods of starvation and feeding of the young and the matui'e 
larvae differed. As a rule the iiexvly hatched larvae xvere starved 
until dead or were fed for about 3 days. The mature larvae that 
were to receive the special diets w’ere kept without food for about 30 
hours and were then fed for about 4 days. The stai ved mature larvae 
xvere kept without food up to alxjut 70 liours. At the end of t he starva¬ 
tion and feeding periods, individual larvae were used for glycogen 
detection. « 

• Matbr, B h , and Babers, F. H hi ad caphuli measurements southern army- 
worm LARVAE (PRODBNIA BBIDAN1A) [To be published ] 

* These larvae served as controls in eaiiennientb on the effects of ndmliiistered poisons 
on blood-cell glycogen 





Blood cells from larvae of Prodcnia eridania that had been fed lurtili) leaves: 
A, Second iiistar; B, fourth instar; C*, and E, fifth iustars. Glycogen 
inuusloDH are shown in A at a; in B at Or-f; in V in a plasmatocyte, a, but 
not in the small cell b, which Wiis more deeply stained with thiouin; in D 
at a and h in the plasmatocyte c, but not in the cystocyte d or in the cell 
in B conspicuously in the plasnmtocytes o, b, and o, as at d, Jess conspicu- 
oiMly in the plasmatocytes at e and f, but not in the other cells. In E note 
the itolar locations of the glycogen Inclusions in the fusiform plasmatocytes 
b and c; a metaphase is shown at y. Blo<id smears, Bauer technique; oil 
immersion, lOx ocular, 98X objective. 



Blood wIIb fniiii liinno of Piodenia itidama: A ami It, Si\th itmtars fed tuniii), 
oollard, and rablmm* leaves; 0, a greatly tailored prepniNi reared on Imiiip 
leaves; I), a day-old pupa reared on turnip u«a\ea In A glycogen Inclusions 
are shown at a and 6 in plasnutocyte c and at d in plasmatocyte (, but not in 
plaamatocytes / and d or in coll i, a type that has not been observed to contaui 
glycogen; a nuclear band, h, is tiMble in q. in B glycogen inclusions occur 
In idasniatocytes a, ft, and (, but not in plaHuatocytes d and c or In cell f, 
i^ich Is the same type ns wll i in A, In 0 granular glycogen inclusions are 
shown In the cystocytes a, ft, and <, and larger Inclnsioub in plasmatocytes d-m, 
partksilarly in k, 1, and m; glycogen also awiearg In some of the small cells, as 
at» and 0 , the nucleus ot a plasinatocyte aiipears banded at p. In 1) glycogen 
inclusions are Miown at a-t Blood smears, Bauer techni<|iie; oil Iniuietsion, 
lOX (KUilnr, l«X objective 
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THE GLYCOGEN COUNT AND THE GLYCOGEN INDEX 

A glycogen count was obtained fi'oni a blood smear bv takjng a 
certain number of cells at random and classifying each cell accorcUng 
to whether it contained one, two, three, or four or more glycogen 
inclusions. All the cells obseiwed in each of a series of microscopic 
fields, visible with high dry magnification (about 660X), vrerecounted 
until a total of 400 cells had been classified. From these figures the 
percentages of the blood-cell population of the smear that contained 
the various numbers of glycogen inclusions and the total jiercentage 
of cells that contained glycogen were calculated. The percentages 
of cells containing the various numbers of glycogen inclusions con¬ 
stitute what is here called the glycogen count. The total percentage 
of cells that (*ontain glycogen constitutes the glycogen index. 

RESULTS 

BLOOD-CELL GLYCOGEN IN. INSECl'S flSD TURNIP LEAVES 

(ilycogen >\as not detected in the bI(M)d cells of newly hatched 
larvae by any of the methods used. In blood cells of larvae fed 
turnip leaves glycogen was til’s! observed 18.5 hours after hatching 
and then in only one cell in only one larva. In one other larva gly¬ 
cogen was detected in several blood cells at some time between 23 and 
39.5 hours after hatcliing. lilood-cell glycogen was usually not ob- 
seived in older first instars oi* in s<H*ond instars. When glyc^ogen did 
(K’cur, it was seen in very few blood cells of the first instars and in 
more cells of the secoml instars. 

Plate 1, .^1, shows a glycogen-containing blood cell from a second 
instar. The youngest larva to show glycogen in a considerable num¬ 
ber of blood cells was a second instar just after molting. In general, 
later instars that possessed blood-cell glycogen tended to show it ni 
increasing numbers of cells with each succeeding instar (fig. 3). 
Plates 1, B-I)^ and 2, A and //, show some glycogen-containing blo<>d 
cells from fouifli, fifth, and sixth iiistars. Relatively large numl)ers 
of blood cells contained glycogen in sixth instars, j)i*epupae, and the 
very young pupae that did exhibit blood-cell glycogen. In general, 
blood-cell glycogen tended toward a maximum at the pre 2 )Ui)al stage 
of development, as shown by the variation of glycogen index during 
larval development and metamorphosis (fig. 3). During meta¬ 
morphosis the blood-(‘ell glycogen decreased until in later pui^al life 
H reached a minimum, and sometimes seemed to disa^ipear entirely. 
Plate 2, (and />, show^s glycogen-containing blood cells from a gieatly 
tapeied lU’einipa and a day-old pujia. The deciease of pupal blood- 
cell glycogen was associated with a marked decrease in the number 
of ceils that api)eared in the blood smears. In the smears from old 
piijiae it was frequently difficult to find any blood cells; the few that 
were found usually contained little or no glycogen. In the imago 
blood-cell glycogen was rarely observed. 

Individual dinei’ences in the oc’curi’ence of blood-cell glycogen weiv 
lari^e in all the instars, particularly in the earlier instars and among 
individuals fi*om diffei’ent batches of larvae. No blood-cell glycogen 
could be detected in some larvae. 
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OLTCOOBN m HIDOUT EPITBBUAI. CELLS OF LARVAE FED TURNIP LEAVES 

No f|[lycogeii was observed in the niidgut epitlielial cells of newly 
hatched larvae. Midgiit-cell glycogen was observed earliest in a single 
tumip-leaf-fed larva 0 horn’s after hatching. It was also observed in 
several first instars 11, 24, 26, 28.5, 39, and 47 hours old, but not in 
other larvae of these ages. Plate 3, A and shows glycogen in 
midgut epitlielial cells from a first instar. In this instar the glycogen 
in t&se cells ^nerally ajiiieared earlier after hatching luid more fre¬ 
quently than did glycogen in the blood cells. 

Glycogen also occunvil in the midgut epithelial cells of the later 
instars, although individual differences, as indicated by the smeared 
gut cells, w’ere quite marked. Plate 4, A-C, shows glycogen in some 
midgut epithelial cells from a third and a si^h iiistar. As in the 
occurrence of blood-cell glycogen, some individual insects api)eai'ed 
to have considerable midgut-cell glycogen, whereas others possessed 
none. In none of the larvae did glycogen appear in all the smeared 
epithelial cells. 

EFFECTS OF STARVING LARVAE AND OF FEEDING THEM DIFFERENT FOODS 
Newly Haw hbd I,abvae 

^Vhen newly hatched lan’ae wei-e staiwed, no gl^ycogen was observed 
in either their blood (“ells or their midgut epithelial cells, even up to 
the time of death, which was usually not more than 48 hours after 
hatching. Li plate 3, C, are .shown midgut epithelial cells from a 
starved fii-st instar. 

As has been stated, midgut-cell glycogen was observed in some 
of the first instars fed tuniip leaves but not in others, and blood-cell 
glycogen was oliserved in only one or two of these larvae and then 
only m one or tivo cells in a wnear. 

Gut-cell glycogen was observed in some larvae fed cornstai’ch or 
cornstaroh plus glucose, but n«» blwMl-cell glycogen was observed in 
any of these larvae. No gut-cell or bhaHl-cell gij’cogen was observed 
in any of the larvae fed gelatin (plus the mold that develojied on tlie 
gelatin in the ciuirse of (he exiieriment). Miilgut-cell glycogen was 
olisen'ed in .some of the laiwae red gelatin-glucose (plus the ikweloped 
mold), but blooil-cell glycogen was not detected. 

Sixth Isst.vbs 

When sixth instais were taken from diets of turnip and collard 
leaves and starved for different jieriods up to 70 houiE, glycogen 
was observed in fewer blood cells the longer the period of starvation 
until, at about 24 to 40 hours, deiiending uixm the individual insect, 
it w«^ no longer detected. 

Sixth instars i-eared on turnip leaves appeared to have more 
blood-cell glycogen than those reared on collard leaves or, es])ecinlly, 
on white cabbage leaves. In lai-vae fed soybean leaves bloo<l-cell 
glycogen apiieared to l»e variable, but in general it seemed to be 
greater when green than when yellowed leaves ivere fed. Blood-cell 
glycogen increased when cornstarch-glucose paste, alone or in turnip- 
leaf sandwiches, was fed to larvae reared on tuniip, collard, or white 
cabbage leaves. Larvae that were fed the smaller quantities of glu- 



*"*<»*'» o' Proimia eriOania; A and B, Larva 
turnip leaves; O, a starved larva 48 to 64.5 hours old. Olycoge 
«hn^ *“ ^ *"•' “O' Thlonln crystals ar 

fj In C; and nuclei are visible at h , \ 
smears, Bauer technique; A and B, oil immersioii 
45X objective, both from the same smear; 0, dry, 10x oculai 



Mfdguf epUlielial <»ell8 of third and sixth iiistnrs of i^rodmia eHdania: A and 7i, 
Third instars roared on turnip loaves; C, sixth Instars roared on turnip, collard, 
and cabbage leaves, CHyoogen inclusions are shown in cells A, b, and c in ^ ; 
in many of the cells In B; and in C, those at o-d having polar locations. 
. Nuclei are scarcely visible. Tissue smears, Bauer tecfhnique; dry, 10x ocular. 
45 X objective. V la from the same larva that yielded the blood smear shown 

In niAto 2 i4. 



Plate 5 


Glycoien in Blood Cells of the Southern Armyworm 



BUioci (His fiom sixth iiistiis (»| PuMtima (mlama Unit had Ineii fid 
tuiiupleuf (oiiistauh sandwiches lontainiiig glmosi A «ind Ji fioni i 
lai>a that had eaten a sandwich containing lc»ss glucose than in the sindwich 
eitcn In the lana rcpicsciitcd in ( and I) In 4 «md li ghcogcn apiKuis 
In all the cells shown though it is wn more cleaih in some as at / 
than in othcis as at h and f the inclusions of the tiisifoim iilasinatot>te U 
d huAe appioximate ladu IcNalioiis ( shows espc^ialh 
sioiis in the (jstoc\tes a h ind c, those of the othei cells as at appeal 
as hhuk aieas hut the (HI bodies as it A / appeal \eij taliil nii <»tno(>toid 
appeals at I D shows gUcigcni luelusioiis as at ci-f and an ofno(\toid at f 
tilt eell bodies aie iiioie distinct than in ( ; most of the eedW contain 
gl}(ogen inclusions hut not the oencK>toid t BhwKl smears Bnuei teshnlque 
A and //, oil iiitimision 10X oculai obititne C ml D dn IdX (muIh 
4‘»X objectne 
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PLATE 6 



Midgut epithelial cells fiom n sixth instai of Ptodtina rudatna fed turnip 
leaf-coinstaich sniidwidi (outniiiing much glucobe Qlycogoii iiiclusions die 
BhoTvii m mofet of the cells as m the parts lettered a-A, the iiulusious at 
c and f die Intraeellulai, although the enclosing (^toplasm is haidly Msible 
in the photomiciogrniih Tissue smeai, Bauei technique, dij, lOX ocular, 
4nx objectne 
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cohc (pi. 5) A and B) usually i)OBsessed glycogen in fewer blood cells 
than did the larvae receiving the larger quantities (O and D). In one 
of the larvae that in^tecl the larger amounts of glucose approxi- 
niately 85 percent of the blood cells contained glycogen. Some of the 
cells from these larvae contained munerous and often relatively large 
glycogen inclusions. In general, it appeared that the greater the 
amount of glucose in the food and the longer the time of ingestion, 
the greater was the amount of blood-cell glycogen. 

The few observations made also indicated that the feijding of large 
amounts of glucose in comstarch-turnip leaf sandwiches to sixth 
instars increased-their midgut-epithelial-cell glycogen (pi. 0). 

KINDS OF BLOOD AND MIDGUT EPITHELIAL CELLS CONTAINING GLYCOGEN 

In none of the blood smears, whether stained by the Bauer, the Best, 
or the Lugol method, were all the ditfei-ent 1 vpes of blood cells ideiiti- 
lied with certainty. No altenqit yrill be made in this paper to present 
a com])lete classilication of the blood cells of the southern army worm, 
since this subject is being investigated as a separate study. The blood¬ 
cell tyiies mentioned here arc described and named in accordance with 
a tentative I'Jassiticalion. 

When larvae nere i*eared on lurni|) or collard leaves, only a part 
of their smeared blood cells were observed to contain glycogen. In 
the glycogen-stained smears from first, second, or third* instars the 
identilication of blood-cell ty])es was particularly difficult, and in 
some was impossible. In smears from the later instais however, 
especially the fifth and sixth, and from the prepupal and early pujial 
stages, tlie blood-cell types, here called i)labmatocytes and cystocytes, 
ha\e been definitely' identified among the glycogen-containing cells. 
These cell types mil be described liere briefly, in terms of their ap- 
p(»arance nh<»n obtained fnaii in.sects fixed in water at GO"' (\ for 5 
minutes and stained with ^VrightV blood stain. 

The plasiiiatocytes are flattened blocnl cells (pi. 7, D) with outlines 
that mav be markedly fusiform (pis. 7, I) and K\ 8, />), fusiforinoid 
(pi. 7, A) —i. e., tending to be fusiform but without definitely pointed 
spindle ends—ovoid, round, or, at tinie.s, polymorphic (pi. 7, By The 
nucleus is eosinophilic and jiunctate (pi. 8, /f), has well-defined chro¬ 
matin granules, and frequently has suggestions of chromatin threads. 
It Usually contains several Iwalies that are considered to be nucleoli. 
The nuclear structure may be obscured by overlying cytoplasm (pl. 7, 
A and Zf), but there is iiiuch variation in*the degree to which this may 
occur. The nuclear outline varies fnmi nearly round (pis. 7, 8, 

A-G) to an elongated oval (pi. 8, />), but mosr fiv^tuently it is 
moderately ovoid. Often the nucleus has a gi’ooved or notched 
apjyearance (pi. 8, O). A band of basophilic cytoplasm frequently 
stretches across the visible surface of the nucleus (pi. 8, A, Bj 
and />), and in some cases has been intei‘|)i‘eted to be basophilic cyto¬ 
plasm in the nuclear groove. The cytoplasm contains a poorly devel¬ 
oped to very well developed vacuolization (pi. 7, A). When pinirly 
developed, the cytoplasmic vacuolization tends to consist of a few 
irregular, colorl^s vacuolar regions of different sizes, which may 
appear to be disconnected or irregularly channeled, or both. The 
poorly develoiied vacuolization has been observed to predominate in 



264 


JoHrna! of Agrieultlrat Research 


Tol 03, No e 


tiie plafematocytes of the earlier instars. Wlien the vacuolizatinn is 
very vrell develop^ the c^oplasm appears to be filled with many 
small, uniformly distributed, colorless vacuoles, not veiy distinct indi¬ 
vidually. Well-developed vacuolization has bMn observed chiefly in 
cells from the late instars, particularly the sixth. Most of the observed 
plasmatocytes of the older larvae, however, exhibited cytt^plabinic vacu- 
olizations intermediate between these two extremes (pis. 7, B and E). 
Tlie amount of cytoplasm varies from cell to cell. In general, plasma¬ 
tocytes with smaller amounts of cytoplasm relative to nuclear size tend 
to be the smaller cells and to possess the more poorly developed vacu¬ 
olization, whereas plasmatocytes with larger amounts of cyto])lasm 
relative to the nucleus tend to be the larger cells and to ])osse.ss the 
better developed vacuolization; exceptions to this rule also (Ktui*. 
Frequently the cytoplasm of the plasmatocyte also contains one or 
more gross colorless inclusions (pi. 7, C), which lie in the finely vacu- 
olized cytoplasm and often are locatra toward the spindle ends of the 
fusiform cell. Many plasmatocytes from nonnallj fed lai-vae do not 
exhibit these large Vacuoles, but tho.se that do may contain one or 
[lerhaps two large vacuoles, and occasionally tlu*ee or more. Hie ])las- 
matocytes lie on their flat sides in bl(N)d smeai-s (jd. 7, D). Their 
nuclei are flattened laidies, and it is probable that the larger of the 
cytoplasmic vacuoles are also somewhat flattened. The cell peripheries 
of the plasmatocjdes vary in distinctness and often tend to be very 
indistinct (pis. 7 and 8)’. The plasmatocyte has not been oliseiwed 
to possess a definitely visible cellular inembnuie. The surface layer of 
the cytoplasm seems to be a sort of labile ectoplasm, ditfeivut from the 
vacuolized endojilasm, esjiecially in cells that have begun to undergo 
or have undergone a change in form. Obseivations upon bl(M»d fi-om 
matui'e laiTae, untreated or incompletely treated by heat, showed that 
the plasmatocytes readily undergo passive-ai'tive transformations 
{IIR). The ])lasmatocytes have lieen observed in Ihe ihi'ious instars, 
the preijupa, the pupa, and the adult of the southern armyworm. 
As indicated by blood smears, they appeaml to attain an o])tiinum 
of cytoplasmic'development in the mature lai*va or prepupa and to 
decrease in numbers in the pupa. 

'I'he cystocytes (pi. 9) are also slightly flattened but are much 
thicker than me plasmatocytes. Tlieir outlines may also be fusiform, 
fusiformoid, ovoid, round, or polymoiphic. The nucleus is usually 
eosinophilic but sometimes ap^ieai’s to lie basophilic; it is more or 
less punctate, is usually ovoid to round, and is freouently much 
obscured or completely hidden by the cytoplasmic inclusion's. The 
cytoplaffln is b^philic, but contams large eosino})hilic, saclike in¬ 
clusions, to which the term “cyst” is here applied (pi. 9, & and c). 
At times the perinuclear cytoplasm seems to cloak the nucleus with 
a spurious basophilia. The mam body of the fully develojiGd fusiform 
cystocyte may become bloated w'ith eosinophilic cvsts, w'hereas the 
spindle terminations of the cell remain thin, lightfy basophilic, and 
completely free of cysts. Sometimes, however, it is difficult to detect 
the spindle ends of these cells. The number of cysts and the degrw 
of ewinophilia in a cell vary greatly. The cystocytes do not exhibit 
distinct cellular membranes, but, like the plasmatocytes, app^r to 
possess a sort of labile ectoplasm, wh’ch can be snore distinctly 
observed in cells undergoing or having undergone form changes. 
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Plasmntocjtes, showing finely vacuollaed cytoplasm: A, Fuslfonnold plasma 
cyte; JJ, polymorphic plasmatooyte; O, Z>, E, fusiform plasmatocytes. in 
each case the vacuollzed cytoplasm, as h In tends to ohscaire the nucleus, 
as a In A and O, and there is no distinct cell membrane. The plasniutocyte 
in C contains a large cytoplasmic vacuole, d, which resembles a glycogen 
inclusion In f<irm and location; the other plasmatocytes are without 
vacuoles. In D the vacuolisathm is visible only at the ends of the ceil, 
one of the spindle ends, c, happens to be folded in such a way as to 
demonstrate the flattened form of the cell- BhK»d smears, Wrights tech¬ 
nique; oil Immersion, 15 X ocular, 83 X objective. 
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PLATE 8 




l*lubmat(H>tes shoT^iiig baudinl niul iiotclicHl nppeaiamu of inicUi A and Ji 
represeiu tbe same cell 1 slams the deeph stained niKleus, a, acioss Ttlucli 
exteuds a cytoplasmic bund, 6, and the lelatively large aiea ot Ihiiih spiead 
MKiioli/id cytoplasm c, no distinct cell membrane apyieais B shows the 
pimetate and banded structure ot the nucleub moie cleutJy, a is a chromatin 
mass, b is the oyrtoplasmie band, and r is the nuclear notch in which the cyrto 
plasmio band appearb to be C, Two plasmatocytes, in one, a, the nucleus 
presents a notch, b, which is absociatcd with a band not Tisible in the illusti atioii 
in the other, c, is a laige cytoplasmic >cicuole, d, In a linelyr ^acuolizcnl cyto¬ 
plasm, the cells possess no distinct cell membianes I), Plasmatocyto, a, con 
taming a nucleus ncro««s wluch sti etches a cytoplasmic band, b: tbe exttcmeh 
elongated, bnakdike cell, o, heie called a nematocyte, also has a banded nucleus 
d; glycogen inclusions appear as daik masses in the cytoplasm of a number of 
cells, as at e^j; those in cells a, k, and I occupy polar positions, the endb tn 
and n, of the nematocyte, c, extend for some distance out of the picture Blood 
smears, 4, B, and C, Wright’s technique, 15 x ocular, D, Bauer tec*hnique, lOX 
ocular, oil immerbion, 83X objectiye 



Ostocjles sihowJiig inHiii lw)dy of the cytoplasm loaded ipvilh ojsls as h and c In 
A the spindle ends, d and €, of the cybtocjte, a. contain no cjsts, and aie very 
tnintiy \aciiolized and ^eiy thin; a plasmatocyte occurs at / In B the spindle 
ends, a and f. are flnclv and faintly AacnoUzed, and the deeply staincMl punctate 
iiiicieiis, (f. Is partly obscured by the stinounding cystic cytoplasm No distinct 
cell membiane appears In A ot B In C the apindle ends, d and are almost 
invisible, and the punctate character of the deeply stained nucleus, q, is not 
visible The cystoc'vte in 7> illustrates the cjstic character ot the main body 
of the cytoplasm, a cyst being especially evident at b, the spindle ends of tills cell 
aie inviaible The daik lines between the cysts represent basophilic cytoplasm 
Blood smears, Wright's technique; oil immersion; 15X ocular, d3X objective. 



Various tissues from smears of a slxth-iustar Prodinia cnd^ania fed tumlp-leaf- 
cornstarch-glucose sandwich: A, Ganglion of the ventral nerve cord, large black 
areac at Orbt and c Indicate a positive reaction for polysaccharide. B, Labial 
gland; a-e are polysaccharide inclusions, and the dark area, /, indicates a 
position Bauer reaction. C, Beglon of a Malpighian tube, the edge of which 
appears at a; tissue apiiears to be loaded with polysaccharide, as at h, and to 
contain heavier polysaccharide inclusions, as at o, d, and e Z>, Part of fat body, 
showing polysaccharide distributed throughout; the larger inclusions, as at 
a, b, and o, are in areas of thionln-stalned protoplasm, as d, c, and f, B, Gonad, 
showing polysaccharide Inclaslons, as at o-*d. Bauer technique, counterstained 
with thionln; dry: A, lOX ocular, lOX objective; B, C, D, and JB, lOX ocular. 
45X objective. 
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Like the plasmatocyte, the eystocyte is capable of undergoing passive- 
active transformations, (/ystocytes have not been observecl in the 
early instars. They appear later and tend toward a maximum of 
cytoplasmic development and of numbers at about the prei)upal or 
pupal stage. They decrease to a minimum or coini)letely disapiiear 
in the pupal period. 

The plasmatocytes and the cystocytes w^ere the chief blood-cell tyjies 
in which glycogen was observed when larvae were not fed glucose 
but were rearetron turnip leaves or fed turnip or collard leaves for 
a considerable time. When the turnip or collard leaves were supple¬ 
mented by a moderate carbohydrate diet (for example, cornstarch or 
cornstarch with a small amount of gliicjose) for only a short time, 
glycogen was also observed occasionally in some of the other tyi)es 
of blood cells. But when larvae were fed the larger amounts of 
glucose for a sufficiently long time, glycogen could be observed in 
most of the Wood-cell types, insofar as they could be identified in the 
glycogen-stained smears. For exam])l(^ gly(*ogen a])peared in some 
of the cells here named “nenuitoc'ytcs” (pi. and ‘‘polyi)odocytes’' 

(pi. 13, /f, ff). (Vilain types of blood cells, among which were the 
oenocytoids (pi. 5, f/, 7, and />, /), were usually .found to show no 
glycogen. 

(jlycogeii inclusions have been observed in mitotically dividing 
blood cells, apparently distributed to the two [u ospective daughter cells 
in unequal amounts, (jlycogen was found also in some proleucocytes. 

The sineared midgut epithelial cells were fmiuently m*ognized as 
being either columnar cells or goblet cells UH). (Jlycogen was 
observed in many but not in all of the columnar cells (jds. 3, .1 and 
B; 4, A-(\* 0) in a given smear. 

INTKACELl.ULAR LOCATION ANO APPEARANCE OF GI^YCOGEN IN BLOOD AND 
MIDGUT EPITHELIAL CELLS 

The glycogen inclusions of the blood cells a])peared in the form of 
small gj’anules, rounded iuasst»s of various sizes and shapes, and ir¬ 
regular masses of diffei*ent sizes (j)ls. 1, 2, and 5). In certain otdls 
froiii glucose-fed larvae the cytoplasm had u more or less diffuse glyco¬ 
gen stain, and such cells often contained more deeply stainexl inclu¬ 
sions. Glycogen inclusions Avere not observed in the nuclei of the 
blood cells. 

The glycogen inclusions in plasmatocytes from ins(‘cts reared on 
turnip leaves usually consisted of one or tw’o round to ovoid masses 
sometimes located one at each pole of the cell (pi. 1, and 2, -1). 
They wiw similar in location, size, and shape to the large, colorless 
jiolar vacuoles in the plasmatwvtes of Wright-stained smears (pL 7, 
Sometimes a number of glycogen inclusions were observed in a 
single cell (pi. 1, B-K; 2, pliHicularly in the prepupa. Greater 
numbers were observed in some of the plasmatocytes from the glucose- 
fed larvae, a])pearing as I’ounded, ovoid, or somewhat irregular masses 
varying from the size of a granule to that of a nucleus. An inclusion 
occurring singly in a cell was also observed to lie anyw^here in this 
range, although usually it was larger than a granule (pi. 5, 0 and D). 

Ine plasmatocytes sometimes contained glycogen inclusions in which 
the glycogen reaction appeared faint. Sometimes the red color (Ban- 
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er’s staiii) was localized at the iNsriphery of the inclusion, the center 
appearing pale or colorless and the entiiv inclusion having a vadiolar 
asp^. 

The glycogen inclusions of tlie cystocytes also appeared to vary with 
the gluco.se intake. P’requently d1o<hI smears contained glycogen in 
the plabniat»)cytes, though lu-actically none weiv oWn’cd in the cys¬ 
tocytes. When glycogen inclusions "wei*c observed in the cyst (Kbytes, 
they usually appeared as several small granules distributed iriegulavly 
in me cytoplasm, as many small granules scatteied thmughoul the 
cytoplasm, or as some condition of granule occuri’ence l)etween these 
two extremes (pis. 2, (J; 5, C aiul />). Sometimes cystocytes contain¬ 
ing a number of tlie small glycogen granules also contaiiied one or 
more larger, irregular glycogen inclusions (pi. C and IJ). 

In the smeared columnar epithelial colls of the midgut, glycogen 
inclusions api>eared sometimes as irregular patches between the nucleus 
and the end of the cell (pis. 4, A and C; 6), at other tunes jis masses 
located in other r^ons of the cytoplasm. These glycogen inclusions 
were frequently elongated in the direction of the long axis of the ceU. 
No glycogen was observed in the nuclei of these cells. 


THE OLYCOGEN COUNT AND THE GLYCOGEN INDEX 

Glycogen counts were made from a numlier of bbaxl smears obtained 
from larvae fed tuniip leaves, collard leaves, and turnip leaf-com- 
starch sandwiches containing different amounts of glucose. The larvae 
were fed for different lengths of t inie. Some of these larvae served as 
nonpoisoned controls in experiments on the effects of jioisons on bliHsl- 
cell glycxigen. Some of the control larvae were ligatured by means of 
a string tied tightly about the IxKly to separate it into approximate 
anterior two-thu’d and posterior one-thinl {Mirtions; these* larvae 
yielded mints from the fore and hind parts of their ligatured bodies. 
The perioil between application of the ligature and sampling of the 
blooa ranged from 1 to 25) hours. Other control larvae weiv left 
unligaturcd. Under tliese different conditions the blood i-ells were 
found to contain various amounts of glycogen. The glycogen counts, 
however, exhibited similai' general characteristics. 

The fundamental form of the glycogen count is shown graphically in 
figure 1. A, in which the jilotted points are averages of tlS counts from 
78 larvae (21 ligatured plus .52 nonligatuml) used as controls. This 
graph shows that on an average, even though counts from larvae fed 
large amounts of glucose were included, most of the blood cells con¬ 
tained no glycogen inclusions, some contained one inclusion, fewer 
cemtained two and still fewer tliree inclusions, and more cells con¬ 
tained over three inclusions than contained three. The glycogen count 
thus consists of the following classes: 0,1, 2, 8, and 3+. The graph 
represents the ^leral form of the majority of the individual counts. 
As shown by the glycogen index, the average larva of this group had 
glycogen in about 81 percent of its cells. In a few instances the 8+ 
dass contained fewer cells than the 8 class. Examination of the cor¬ 
responding blood smears showed that the cystocytes contained little or 
no glycogen. 
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Figure 1, represents the average glycogen counts for the 21 
ligatured and tihe 62 nouligatured larvae. The two cuiwes are of 
the form shown in A, and differ chiefly in that tliey have different 
glywgen indices. 

Figure 1, shows the average glycogen counts from the fore and 
hind parts of the 21 ligatured larvae. The average fore and hind 
end values are so similar that they might be repi'esented by a single 
curve. The average glycogen indices are nearly the same. 

In figure 1, />, are glycogen counts groinied according to the sisK‘ 
of their corresponding glycogen indices. The curves show the way 
the glycogen count changes with change in index. As the glycogen 
index increases, the number of cells decreases in cLiss 0 and increases 
in the other classes, as must hapjien; furthermore, the cells in class 
1 become relatively more numerous than the cells in class 2, which 
sliow greater relative increase than the cells in class 3, and class 
3+ undergoes a greater relative increase than class 3. T^ien the 
glycogen index exceeds a certain value (60-70 percent in these 
experiments), the peak of the curve passes from class 0 to class 1. 

Figure 1, E\ ihows the average glycogen count for 11 turnip-leaf- 
fed larvae. This curve has the general form already indicated in 
Ar-D. Other curves show the effect of counting separately the 
cystocytes and the rells other than cystocytes. Wien blood cells 
exclusive of the cystocytes were counted, the rells of class 3-|- were 
not more but less numerous than those of class 3, the cystocytes were 
more numerous in claas 3-t- than in class 3 or classes 2 and I, and 
in class 3+ the cystocytes outnumbered the other cells. 

Figure 2 shows the frequency distribution of the glycogen indices 
of the 21 ligatured larvae (fore and hind ends), the 62 nonligatiired 
lapse, and the 73 ligatured ^)lus nonligatiired larvae used as controls, 
with regard to their respective averages of 34, 29, and 31 pereeiit. 

Figure 3 shows average glycogen indices of the ‘.w'ond to sixth 
instars, and of the prejmpal and pupal stages. The aierages are 
based ujion determinations from a second, 6 third, 3 fourth, 8 fiftli, 
and 11 sixth instara, 6 prejmpae, 11 pupae 1 daj old, 3 juipae 2 ilays 
old, 2 pupae 3 days old, and 4 pupae 10 ilays old. Althouglj the 
number of insects used was not |^at, figure 3 indicates the manner 
in which the glycogen index varied witli stage of larval develop¬ 
ment and with metamorphosis. The average index for the sixth 
instar was 31 percent, and for the prepupa 36 peix^nt. Glycogen 
was not found in larvae at the time of hatching; therefore tlie gly- 
cogim index was 0 at that time. During larval development tlie 
glycogen index increased until it attained a maximum in the pre¬ 
pupa. It rapidly decreased to a very low value during the first few 
days after pupation, and continued low throughout the rest of pupal 
life. The few incidental observations made on the adults indicated 
that the glycogen index of the adult tended to be very low. 

P0I.Y8ACCHAB1DS IN OTHER TISSUES 

Incidental observations were made of a polysaccharide, stained 
by the Bauer t^nique, in cells other than those of blood and midgut 
epitheliuib. Since the Bauer method gives positive results with pmy- 
snccharides other than glyci^n, and since only the Bauer method. 
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GLYCOGEN INDICES 

Figubb 2—Ilistoffrain showing the frequency distribution of 94 glycogeu indices 
from fore ends and hind ends of 21 ligatured larvae, from 52 nonllgatured 
larvae, and from the total 73 ligatured plus nonllgatured larvae of Prodfwia 
vridama used as controls. 
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STAGE OF DEVELOPMENT (DAYS AND INSTARS) 

Figubb 3. —('hange of average g1y(*ogeii Index with development of Prodcma 
cndania. Along the abscissa roman minieralb represent instars and arubic 
uumcnils represent days after hatching. The broken-line curve is hyiKithetical. 

without couiiterproof, was applied to most of these tissues, the 
broader term “polysacohari(kr’ is heiv used except in those cases 
where the Lu^ol stain was also applied. 
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The j^lysaccharide was detected in the following tissues of a sixth 
instar that had been fed overnight on a tuniij) leaf-cornstarch-glucose 
sandwidi, and whose blood-cell glvcown index was 35 percent: 
(Anglia of the ventral neiwe coitljlabial glands, Malpighian tubules, 
fat body, oeuocytes, testes, pericanlial cells, integument, walls of the 
foregut and hindgut, mid^t epithelial cells, and stiiated fibers of the 
body muscles, the gut musculature, the cardiac muscle, and the alary 
muscles. It was not determined whether the ixtlysaccharide in the 
ventrd nerve ^nglia and the interganglionic c'OimWives (pi. 10, A) 
was localized in nerve tissue or in associated nonnerve tissue. The 
polvsaccharide inclusions of the labial-gland cells (pi. 10, B) appeared 
to oe numerous, irregular masses of various sizes, many of a coai-se 
granular aspect. The walls of the Malpighian tubes (pi. 10, C) con¬ 
tained numerous coarsely ^nular polysaccharide inclusions, whose 
relation to the tubular ceOs was not definitely detennined. Simi¬ 
larly, the cytologioal location of the numerous polysaccharide inclu¬ 
sions of the fat body (pi. 10, D) was not definitely determined. The 
polysaccharide of the striated muscle fibers of the body (pi. 11, J.), 
of the fore, mid, and hind parts of the gut (pi. 11, R), and of the 
cardiac muscle (pi. 11, 0) appeared to occur diffusely^ but in addition 
appeared particularly concentrated at the cross striations, which were 
seen as deeply stained double lines. The ]>olysaccharide of the alary 
muscle fibers (pi. 11, D) appeared slight but also associated with 
the cross striations. The oenocytes were ojmque, but in places their 
cytoplasm appeared to be filled with ipranular polysaccharide inclu- 
si^ of various sizes and shapes. Polysacchariile was associated 
with the testes (pi. 10, E), but (he kinds of sells containing it were 
not identified; it was not detected in several stages of developing 
germ cells that were examined. The cytoplasm of the pericardial 
rolls (pL 11, D ), contained many very small, gi'anular polysaccharide 
inclusions. Polysaccharide was also found in the integument, but 
its cytological location was not determined. The sclerotic membrane 
of the integument, as well as the sclerotic linings of the fore- and 
hind-guts, gave a positive reaction witli the Bauer technique. Poly¬ 
saccharide inclusions were not obseiwed in those nuclei whose struc¬ 
ture could be sufficiently examined. In the smears of the fat Ixaly 
some of the polysaccharide inclusions were associated with definite 
masses of basophilic protoplasm (pi. 10, Z>), but whether with nucleo¬ 
plasm was not determined. 

In some of the early instars polysaccharide was found incidentally 
in the Maluighian tubes, labial glands (pi. 12, .J), and oenocytes (pi. 
12, B), when Bauer’s technique was employed, and in the labial 
glands and oenocytes when they were .stained with Lugol’s solution. 

EFFBCTS OF DlFFFJtXNT FIXING AND STAINING METHODS 

Although at least ti’aces of glycogen were dete»*ted histiKrhemicaliy 
with neany all the fixatives mentioned under Methods, preliminary 
exfieriments with different fixatives and with the Best and the Lugol 
staining procedures led to the conclusion that the most satisfactory 
fixations were obtained with Camoy’s fluid and with alisolute alco¬ 
hol. Thu .is indicated for the Lugol procediii'e by tlie glycogen 
indices given in table 1, which were obtained from two larvae that 
had fedr overnight on glucose-cornstarch-turnip l^f sandwiches. 




kiiirts (it imiscli lilitis fi 1111 siicuis ol a bi\tli inslai Piodana indanta 
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Tissue smears from a i^l-bour-old first-instar Prodenia etidmia fed turnip 
leaves, showing polysaccharide Inclusions: A, In cells (A a labial gland, d, 
at 0 , b, and c; B, in some faintly stained oenocytes at a, 5, c, and d. Bauer 
technique, couuterstained with thionin; dry; lOX ocular, 45X objective. 
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Glycogen indices from Bauer-stained smears of these larvae were 35 
l>ercent for larva 1 and 25 percent for larva 2. 

Tabijc 1— ^\dvQua(y of different fixatives ichin used irith Uui Luyol ptocedure, 
as mdieaicd hy the ytyeoyen wd( t ‘ 
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The glycogen inclusions of llie blood cells and midgut cpitlielial cells 
were more clearly defined in the thionin-couiilerstaiiKMl Bauer smearb 
ilian in Uio wet Lugol preparations. Chromic acid fixation involved 
some shrinkage of eith(*r cells or plasma film, or both, as indicated 
by a space between cell and plasma (pis. 2, C; 5, C and D), Al- 
ihougli tlie thioiiin couiiterstain persisted for months, e>(‘ntually it 
faded. None of the saliva-treated smears contained glycogen, and none 
of the smears treated according to the mucicannine method of Mayer 
gave i)osifivp result‘d, although they were from larva that (‘ontained 
blood-cell glycogen as indicated by the Bauer reaction. 

Plates 13, and 14, A and i?, illustrate the results obtained by com¬ 
bining Best’s carmine and the Wright technuiues. In cells thus stained 
the eosinophilic nuclei and basophilic cytojilasms were stained as with 
the Wright j)rocedure alone and the glycogen inclusions were stained a 
dark blue.^ Plate 13, shows cells stained with Best s carmine and 
counterstained with Ehrlich’s liaematoxyliii. The glycogen inclusions 
iire stained the usual caiinine color. 

DISCUSSION 

OCCURRENCE OF BLOOD-CELL GLYCOGEN IN ANIMALS 

Tlie results described above show that the appearance of glycogen in 
the blood cells of Prodenia eridania is a normal occurrence. The <iues- 
tion naturally arises as to whether the southern army worm is excep¬ 
tional in this respect or whether such occurrence is general among 
animals. The authors have found in the literature no paper on insect 
bloo(l-cell glycogen and only a few papers tliat deal incidentally with 
its histochemical detection. Vaney and Maignon (J04)j using the 
gum-iodine method and the gentian Adolet method of Ijiibarsch, re- 
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ported the histocheiuical detection of glycogen in leucocytes found 
associated with adipose cells in the silkworm during metamorohosis; 
they consider the glycogen not to be of histolytic origin. Budolfs 
(M)} also using iomne and gentian violet staining metliods, reported 
the detection of glycogen in the leucoc^es of tlie adult tent catapillar 
{l^alaeoHonia canericam (F.)). De Boissezon (/<?) leported that, 
using the gum-icxliiie and Best’s carmine methods, he found no glyco¬ 
gen ui the amoebocytes of the moMiuito Cvilea pifiem L., and Paillot 
{79)^ usiim Gendro’s method of fixation and the staining methods of 
mst and Lugol, reported no detectable glycogen in the mood cells of 
the silkworm.'’ Bogojavlensky using Camoy's fixative and the 
l^st carmine and the Lugol iwline staining methods, found glycogen 
in the spindle-shaijed leucwytes and the ])roleticocytes of Garamim 
mot'omtx Brunner and, by implication, in seven otlier species of Orthop- 
tera that wei'e used for comjianson; he also found a little glycogen in 
small, i-onnd blood cells, but not in the proleucocytes and spheroc)de8, 
of the silkworm and, by implication, of nine other species of Lepidop- 
tera. Bonzoni and Bi'sliop (.9J), using chemical metlnxls, found that 
ill the mature feeding and the spinning honeybee larvae the concentra¬ 
tion of blood glvcogen was less than 10 mg. percent—i. e., not detect¬ 
able—and that (ilood glycogen apjieared in greater concentration—i. e., 
became detectable—only at a later stage, when the cells of the fat 
IMy broke down during metamoriihosis. Their work did not indi¬ 
cate whether the glycogen occurred in blood cells. Boy (.W) failed to 
detect glvcogen in the bloo<l of the larva of the wax moth {Galleria 
mellonelta (L.)). 

Balters (3) found that the noimal glycogen content of the blood 
of the sixth-instar southern armywoim was from 1.3 to 4.6 mg. per 
100 ml., with an average of approximately 3.3 mg., and that the 
glycogen content of pooled blood from larvae that had fed overnight 
on gliicooe ranged from appi'oximately 13.5 to 33.4 mg. per 100 ml. 
In one experiment Babers found that a blood sample contained 17.42 
mg. of glycogen jier 100 ml., of which 16.5 mg. was in the centrifuge«l 
cells and only 0.92 in the sniieimitant plasma, and he sngge.sted that 
the plasma glycogen may have come from sonic cells nipt tired by 
centrifuging. Babers’ glycogen values were obtained from the WikkI 
of insects that had been imiiiersed in water at (50“ C. tor 1 niinnte. 
Tims, bloo<l-cell glycogen is reported to occur in the silkworm, the 
tent cateipillar, the soiitheni armyworra, Carauxius inoromx, and 
according to the implications of Bogoja>len.sky’s paper, in a number 
of other .species of Ortho[itera and Lepidoptera. 

Blood-cell glycoffiii has also been reported in invertebrates other 
than insect.s. Barfurth (.1) sngge«ted that it probably occurs in gas¬ 
tropods as well as in Crustacea, (’reighton (S2f) found glycogen in 
the blood cells of snails. Biedermanii {IS) stated that glycogen 
o<*cnrs in annelid leucoc.i’tes. Its occurrence in various protozoa is 
indicated by Pfliiger {83) and Biedermann {12), who refer to other 
literature, and by Giovannola (if) and Creighton {22). 

'• The invKWit authoM found Inclii^^iona of llaiier-poHltlve polyaacoharide in the blood cells 
of 3- or 4 da.V'Old Arst-lnblar Mlkworins that bad been M only lettuce leaves. Q'hese poly- 
Hacelmrlde IncliistonR appeared similar to the alycogen incluRfona of aontbern army worm 
blood cells—i. in jdaamatocytes—and no doubt were fflycoaen Incluaions. However 
l»iood cells of sliKwormH that were rearnl on mnllterry lenrHs and were nearini; tli*» end of 
their larv al life showed no posltiv e n>action to the Bauer techiii<|iie. ^ 





Blood cellfs from a slxth-lnstar Prodenia cridania reared on turnip leaves: A, 
Blood smear stained by combined Best’s and Wright’s techniques; blood 
smear stained by Best’s method and couuterstaiued vrith Ehrlich’s haemn- 
toxylin. Large glycogen inclusions in A are shown at a in plasmatocyte h, 
and at c and elsewhere in plasmatocyte d; in B in idasmatocytes a, h, and c, 
at d, c, and A respectively; p Is a polypodocyte, with pseudopodlike extensions 
of the cytoplasm, as at h. Oil immersion; 10X ocular, OtlX objective. 



Af Pla6matocyte from a blood bmear of a nowly formed pupaf and JS, midgut 
(*ell8 from a tissue smear of a second mstar of Ptodenta ertdania, both stained 
by combined Best's and Wiight’s techniques A shows a large glycogen 
inclusion, a, and several small inclusions, as at b, In B glycogen inclusions 
appear as black masses, as at o-f A, OU Immersion, lOx ocular, PSX objective; 
B dry, lOX ocular, 45x objective 
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Most of the literature on the oceuri*enco of blood-cell glycogen of 
vertebrates appears to have reference to mammals, particularly to 
man.** Banvier (89) found glycogen in frog leucoc'^es and, accord¬ 
ing to Giradin (.^0), was the first investigator to demonstrate glycogen 
in leucocytes, but j^liiifer (98) also early referred to glycogen in leu¬ 
cocytes, presumably of man. Barfiirth (/J) failed to find glycogen in 
either crils or plasma of frog blood and did not obtain decisive re¬ 
sults on human blood, but he reported blood-cell glycogen in ver¬ 
tebrate leucocytes. Frerichs (36)^ Gabritschewsky (38)^ Dastre (ii3)^ 
Kaminer (56*), Bakker (4), Willstiitter and Rohdewald (113)^ 
Fieschi and Bertola (33)^ Giradin (43!) ^ Golandas (43)^ Staub and 
Golandas (100)^ Wallbach (108)^ Unslielm (103)^ Kotschneflf (6J)j 
Havet (47) j Howell (64, p- 881)^ Downey (39) ^ Karsner (J7, pp. 
67-6V), and Cowdry (31) are some authors who state I hat glyco¬ 
gen occurs normally in certain leiicwytes of maii ano other mam¬ 
mals (dog, cat, calf, herbivores, horSe, rabbit). It would seem that 
usually glycogen occurs chiefly in the granulocytes, especially the 
neutroj)hiles, and to a sliglit degree or not at all in the lymphocytes 
and inoiKK'ytes; si*e, for examine, (iiradin ( i2 ), Dow’uey (39 ), Cow’drj 
(31). * 

According to Dastre (33)^ glycogen was first observed microscop¬ 
ically in pus cells by Kiilme (1865) and w’as shown by other in¬ 
vestigators, w’hose papers Dastre cites, to become more evident 
microchemically umler certain conditions of disease. Fieschi and 
Bertola (33)^ Giradin (4^), IJnshehn (103)^ and Karsner (67, pp. 
61-3)3) also consider leucocytic glycogen in pathological conditions, 
primarily in the blood of man. 

It thus appears from the literature that blood-ccdl glycogen occurs 
among protozoa, annelids, mollusks, crustaceans, insects, amphibia, 
and mammals, including man. Although the observations on mol¬ 
lusks and cnista(*eans seem to la* very few, it is probable that blood¬ 
cell glycogen is of gimeral fXTurrence among animals. This 
conclusion is in accordance wdth the concept expressed by Bernard 
(^), Barfiirth (6), and Dastre (33) that glycogen may occur in all 
or most tissues of all or most animals. The southern army worm, 
therefore, is not excejitional in containing glycogen in its circulating 
blood cells. 

INFLUENCE OF NirrRTTTONAL CONDITIONS ON BLOOD-CELL GLYCOGEN 

The results of the experiments with newly hatched southern 
arraywomi larvae indicate that the appearance of both blood-cell 
and gut-cell glycogen is dependent on food intake, particularly that 
of carliohydrate. With sixth instars the amount contained in the 
blood cells varies with nutritional conditions, especially the amount 
of carbohydrate infested. Thus, prolonged starvation may cause 
the disapjiearance of blood-cell glycogen, and the ingestion of rela¬ 
tively large quantities of glucose may cause glycogen inclusions to 
apmar in a large percentage of the larva’s blood cells. 

Such depemlence of blood-cell glycogen on carbohydrate intake 
may help to explain negative results such as those reported by 

•A ituinbcr of tho references dealinR with glycoReu in vertebrate blood eellH were kindh 
bupplied by O. N. H. Long, of Yule University. 
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de BoUsezon (/d) and Paillot (79), as well as the marked individual 
differences in both blood-cell and ^t-cell glycogen that were noted 
in the present investigation. Hamisch (4lf) found no evidence of 
glycogen resynthesis m Chironomvs larvae during post-anaerobic 
recovery, except through the ingestion of food. Kato (58) found 
that more glycogen apmared in silkworm larvae fed immature luul- 
beri'y leaves than in larvae fed mature leaves. Kato, Miwa, and 
Negi (69) obtained glycogen increase in silkworm larvae u|)on add¬ 
ing sugar to their diet. Kuwana (63) found that glucose ingestion 
caused an increase in total reducing jmwcr of the blood in silkworm 
larvae and considered an inci'ease of glycogen or of a carbohydrate- 
protein complex to be involved. TnnSj it may be expected that, 
other conditions remaining the same, an increase in the carbohydrate 
content of the leaves upon which tlie larva feeds will result in an 
increase in insect blood-cell glycogen. 

PROBABLE RELATION OF BTX)OO.OELL GLYCOGEN TO BLOOD SUGAR IN INSECTS 

Babers (^) found that the ingestion bv the sixth-instar southern 
armyworm of turnip leaf smeared with glucose-cornstarch paste was 
followed quickly by a sudden and relatively large rise in blood sugar, 
which reached a maximum, then quickly fell, and returned to the 
normal value in approximately 6 hours. He also found that tissue 
(exclusive of blood and gut) glycogen also quickly liegan to rise, hut 
rose more slowly, reached a maximum considerably later, and then 
descended to, not tlie initial, but a somewhat higher tissue-glycogen 
level. He further found that a rise in blood glycogen occun-ed still 
later, appearing only after a relatively long ])criotl of glucose 
ingestion, and that practically all the bhiod glycogen was asswiated 
with the centrifuged blood cells. 

The histochemical oliservations of blood-cell glycogen i-ejan-ted in 
this paper are in agreement with the findings of Baliers. ft is 
quite probable that Babers’ average glycogen value for normal blood 
of 3.29 mg. per 100 ml. corresponds to the glycogen index of a])i>rox- 
imately 31 percent reported liere for sixth instars fed collard and 
turnip leaA’es; but, whereas Babers obtained a blood-glycogen in¬ 
crease of sixfold to tenfold after overnight feeding of a glucohc- 
starch-turnip leaf diet, the highest glycogen index obtained in Ibe 
present experiment ivas about 86 ^lercent, representing only about a 
threefold increase, under fairly similar conditions. Although this 
difference might be due to differences in food intake, it might be 
explained by the fact that the glycogen count and the glycogen 
index are based, not on the amount of glycogen iier cell, but on the 
number of glycogen inclusions per blow cell, and that microscopic 
obseiwations show that after ingestion of the carbohydrate diet 
many of the blood cells contain relatively Inriie glycogen inclusions. 
Tlie glycogen counts and indices reported here also sliow that, ns 
the glyiKigen index increases, more cells enter classes 3 and 3+ of 
the glycogen count. Thus, it seems that an increase of blood-cell 
glycogen involves an increase in the number of cells containing 
gWcogen, ih the amount of glycogen contained within at least some 
of the glycogen inclusions, and in the number of glyeogni inclusions 
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per cell. It is also possible that glycogen not detectable bist<x?hein- 
ically may occur and increase with the carbohydrate intake. 

Baber’s suggestion that the delayed rise of blood glycogen might 
be associated with a tendency tr) rise only after the other tissues 
had become saturated with glycogen receives support from the jiresent 
observations on glycogen in the tissues of a sixtii instar that had fed 
overnight on a turnip leaf-cornstarch-glucos-e sandwich. The glyco¬ 
gen index of this larva was aliout 35 percent, and its tissiu^ cells, 
particularly those of its labial gland, Malpighian tiiUvs, striated 
muscles, pericardial cells, oenocytes, and fat body, had the aspect 
of being heavily loaded with polysaccharide, as indicated by the 
Bauer technique. The observations on the newly hatched lamie, 
which showed that blood-cell glycogen first appears later than gut¬ 
cell glycogen, also are consistent with the suggestion mentioned above. 
Thus, a marked or persistent exogenous hyperglycemia seems to pro¬ 
duce an increasi^ in both chemically and hist(X‘hemically detwtable 
blood-cell glycogen, and, on the assmnption that starvation results in 
a lowering of blood sugar, the results of the starvation expermients 
imply the existence of an analogous i*elationship between a marked 
or persistent starvation hypoglyc^emia and a decrease of blood-cell 
glycogen. There is some evidence^, as rejMnled, for example, by Staub 
arid (lolandas that administration of glucose to the mammal 

<*auses blood-<*ell glycogtm, but not plasnm glycogcm, to increase. 
That a lowering of insect 1)1 <m)( 1 sugar miglit i*esult from starvation 
is indicated in the literature; sw, for example, Stuitevant (JOJ), 
Beutler (17), and May (7;^?). Deinjanowski and Prokofjewa (iiff) 
reported that the total mincing ])ower of silkworm blood was not 
dependent on the quantity and quality of the food given the insects. 
Heininingseii (4S) reported a decmise in total reducing power of the 
blood of several species of inse(‘ts as a result of starvation, but he 
considei’ed the decrease not to involve blood sugar. That glucose 
accounts for only a small part of the total reducing power of insect 
bl(K)d is indicated by Ilemmingsen (^5), Kuwana (03), Florkin (Of), 
and Babers (0)^ as well as others. 

Most of the literatur<‘ having to do with the relation between sugar 
and glycogcni in inse<'ts is concerned wdth the concentrations of 
these carbohydrates, not in tlu* blood, but in the whole insect, and 
will be found summarized by Babers (e?), Tlie observations and 
I’esults reported in that literature and those reported here indicate 
that undei* certain conditions, chiefly in the pupa, the glycogen con¬ 
tent of the insert, including blood-cell glycogen, can deci*ease in the 
presence of an elevated bhKxl sugar. This is not contradictory to Ihe 
statement made above that an exogenous hyperglycemia tends to in- 
ci*ease the glycogen content of the Idnod cells, for the elevated blood 
sugar of metamorphosis may l)e consideml to be endogenous and to 
involve other metabolic conditions. 

It thus appears that the insect, like the vertebrate, possesses a 
])hysio1ogical mechanism whereby gluconeogenesis occurs in the blood 
cells during alimentary liyperglycemia, and that in insects glyco- 
genolysis occurs during ])resumptive starvation hypoglycemia and 
during the endogenous hyperglycemia of metamorphosis. 
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OndK FACTORS THAT nOBT AFFECT THE OCCUBBENCE OF BLOOD-CELL GLTCOGBM 


Jiff' 

‘iO 


Fow Factobb 


In this investi^stion it was found that when larvae were reared 
or fed for a sufficiently lonj; time on white cabbage, blood-cell glyco¬ 
gen was not readily demonstrable, many of the larvae apparently 
having none. MacDonald and Wislicki {69) prepared two cabbage 
extracts that they found affected the blood sugar and liver glycogen 
when fed to mammals. Their hyperglycemic fraction caused a 
marked increase in blood sugar in the rabbit, accompanied by gly¬ 
cosuria and a decrease in the glycogen content of the liver. Their 
hypoglycemic fraction ‘Vegulin’* lowered the blood sugar and ap¬ 
peared successfully to replace insulin in the depancreatized dog. It 
u not impossible that such food factors may affect feeding insects, 
and tliat such a hyperglycemic food factor in the cabbage may have 
been partly or wholly responsible for the relatively slight blood-cell 
glycogen observed in the cabbage-fed larvae of the experiments re¬ 
ported here. Braun and Sees {18)^ in a review of literature per¬ 
tinent to this subject, indicate that the question of the occurrence 
of insulinlike substances in plant extracts is in a very unsettled stale. 

Hydboobn-ion Cokcbnibation 


Babers (S) found the pH values of the blood of sixth-instar south¬ 
ern armyworms to range from 6.40 to 6.67, with an average of 6.53. 
Demjanowski, Galzowa, and Boshdestwenska {£6) found the hydro¬ 
gen-ion concentration of the blood of silkworm larvae to decrease 
at the molts, and to be slightly but persistently higher in the female 
than in the male. Taney and Mai^on {104,106) reiiortcd that the 
l^lycogen content of Bornhya nuni L. was greater in the female than 
in the male. Babers {3) found the glycogen content of the southern 
armyworm adult to be persistently higher in the female than in the 
male. Bernard {9) reported that the larva of a fly sliowed much 
glycogen, no sugar, and an alkaline reaction of the tissues, the pupa 
wowed sugar and an acid reaction of the tissues, and tlie adult con¬ 
tinued to wow both su^ and glycogen. Bernard also reported that 
the liver glycogen of Crustacea increases at the molt and decreases 
or disappears between molts. Elias and Weiss {SO) reported that 
glycogen in frog eggs decreased when the pH value of the suspension 
medium dropped. Donnelly (j?S) discussed generally the question 
of hydrogen-ion concentration and glucose metabolism and concluded 
that glycogenolysis varies directly with ^e total acidity of a single 
tissue or of a whole organism. Other investigators have reported 
observations that have a bearing on the subject. The hydrogen-ion 
concentration of the blood, therefore, may be an influential factor in 
the occurrence of blood-cell glycogen. 


Metabolic CoNDmoBR 

A number of poorly understood or unrecognized factors that in¬ 
fluence the presence of blood-cell glycogen may exist in the insect 
either continuoBsly or under certain condiuons of metabolism. 
Maignon {ZO)^ and Taney and Maignon {104) produced asphyxia in 
Bombyx mori by immersing the insect or its tissues in boiled oil and 
irregularly obtained mcreases of body sugar. Lesser (JS6) stated that 
glyccgen of the frog is strongly hydrolyzed as a result of anoxybiosis. 
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Harnisch {Jfi) obtained an anaerobic decrease of glycogen in certain 
tibsueb of Cfuronotnus larvae. Sudolfs {96) statecl, 1ml gave no sup¬ 
porting data or literature reference, that anesthesia of a living cell 
inhibits the synthesis of glycogen. That the local metabolic processes 
in a cell or tissue may influence the amount and the character of 
the glycogen reserve is indicated by the observation of Bogojavlensky 
{15) that the external lolies of the fat body of the silkworm contained 
more histochemically detected (Best method^ glycogen than did the 
internal lobes, and that the glycogen of the lat body was less soluble 
in water than was the glycogen of other tissues. The same thing \s 
indicated by the fact that flie vertebrate neutrophiles, but usually 
not the mononuclears, contain considerable glycogen (-J, Sl^ 4^), 
and by the observations hei*ein i*epoi*ted lhat in the normal southern 
armyworm the plasinatocytes ana the cystocytes tended to exhibit 
glycogen inclusions more i*eadily than did the other blood-cell types. 
It is generally recognized tha< muscular exercise causes a decrease of 
maininalian liver glycogen {S^^JK 9i)^ and (liradin {4^) found that 
in man the number of cinudalmg granular leucocytes that contain 
iodophilic substance increases at meal times and decreases during ex¬ 
ercise after meals, tending to parallel the changes in blood-sugar con¬ 
centration. As shown in the literature, some of which has ali*eady 
been cited, leucocytic glycogen ocrurs plentifully in pus cells and ap- 
])ears to vary with different diseases. 

In the vertebrat(‘ fat metabolism and carl)ohydrato metabolism 
are closely related (tW, pp. 11. Ai, c/c.). The liteiatuie leviewed by 
Babers {3) indicates the existence of some kind of an association be- 
twwn fat and carbohydrate metabolism in the insect. Fat inclusions 
in insect blood cells have been observed by a number of authors (Hol- 
lande 50^ Ilufnagel 65. and Ilooseboom and possibly they occur 
in southeni armyworm leucocytes, although in the present work no 
fat detection was attempted. It is therefore possible that in the 
insect blood-cell glycogen and blood-cell fat may be related. Karsner 
(/>7, pp. 61-63) states that glycogen is likely to appear in many places 
where fat occurs, and expresses the opinion that similar factors may 
influen(*e both fat and glycogen. Insofar as they indicate an 
exogimous origin of blood-cell jjlycogen, the obseiwations reported 
here seem to lie in accordance with the view of Vaney and Maignon 
(104)^ wdio, disagreeing with Bataillon (tf), considered that glycogen 
in the leucocytes aiwl other cells of the metamorphosing silkworm is 
not of histolyiic origin. 

Cold tends to decivaso liver glycogen in the mammal {SJ^ p. 34)y 
but it appeal's that the low temperature reflexly initiates muscular 
contractions (shivering) and that the glycogen decrease is thus re¬ 
lated to exercise. If the army wonn possesst^s no mechanism analogous 
to the shivering reflex of the mammal, whereby muscular contractions 
are prcxluced by cold, low temt>erature could be expected to tend to 
maintain its glycogen stores or to decrease their rate of disappearance, 
except insofar as it would tend to decrease the ingestion of food. 
Ditman and Weiland {37) have shown that a decrease of temperature 
retards tlie disappearance of glycogen in the pupa of the com ear- 
worm. The honeybee, however, seems to possess a reflex mechanism 
whereby muscular contraction increases with decrease in hive tem¬ 
perature (74, <S0, 84)> Thus, in such an insect it is quite possible that 
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cold would tend to cause a reflex lowering of any glycogen reserves, 
including blood-cell glycogen. 

Bernard {8) early observed that in the higher animals glycomn 
is widely distributed in the tissues of the developing organism but 
becomes relatively localized in certain tissues of the adult, whereas 
in the invertebrates, which he considered to lack true livers, glycogen 
appears to be more widely distributed among the various tissues. 
Karsner (57, fp. liowever, referring i)rimarily to man, ex¬ 

pressed the opinion that practically any cell in the body may contain 
glycogen although it may not be microscopically demonstrable. It 
thus seems that most of the tissues of animals can contain glycogen 
but differ chiefly with regard to the amount contained. From this 
standpoint it might be expected that glycogen would <K*cur in at least 
some mood cells of various organisms, whether develojiing or mature. 

NEURAT, and IIOEMONAL FACXORS 

In the vertebrate storage ami mobilization of liver glycogen ai'e 
greatly influenced by neural and hormonal factors. It has been dem¬ 
onstrated (82^ p. iSO; A9, p, 673; and 10^ />. OiH) thc.^ puncture of 
the floor of the fourth ventricle of the vertebrate brain causes a de¬ 
crease of liver glycogen, and that both the nervou*- and the hormonal 
systems are operative in the process. The auto])omic nervous system 
is considered to be primarily involved (90^ p, 673). It is also gen¬ 
erally recognized (ft?, pp. 1S9--H2; 44^ p. p. 680; 77, jk 8J9; 

10^ pp. 924 that, at least under certain conditions, insulin 

tends to increase and adrenalin to decrease the glycogen reserves of 
the liver. Arthropods, including insec^ts, have long been known \o 
possess a sympathetic or stomatogastric nervous system (^5, pp. 448 
amd 318). ^ Like the vertebrate autonomic nervous system, it seems 
to be especially associated in a functional manner ith such autonomic 
processes as cardiac and perhaps respiratory rhythms, and may pos¬ 
sibly be related, either directly or indirectly, to*su(*h metabolic jiroc- 
eases as hormone secretion and storage and mobilization of energy 
reserves in the tiasues. That the insect nervous system is related to 
hormone secretion is indicated by a number of investigations (83. 60^ 
63^ 109^ 110., 777, p. 40., and papers cited in 90). 

Medvedeva (W), determining total reducing power, reported that 
hyperglycemia was produced in the silkworm by injection of adrena¬ 
lin and to a less extent by injection of water. She attributed the 
water hyperglycemia to a*mechanical stimulation of the vegetative 
nervous system by the needle punctui’e. She found that, although 
the adrenalinic hyperglycemia could be produced in the fifth instar, 
it could not be produced in the spinning larva, the chrysalis (at about 
the middle of the pupal pericxl), or the adult. She attributed these 
differences to changes in the nervous system of the spinning larva 
and the pupa, to some unknown factor that assures glycogen storage 
in the spinning larva, and to a lack of glycogen I'eserve in the adult. 
Mwlvedeva obtained no insulin hypoglycemia by injecting insulin 
into the silkworm larva and adult, but did obtain a hyperglycemia 
in the larva, which he ascribed to mechanical stimulation of the nerv¬ 
ous system. JBrmakov (SJ) obtained an increase and a decrease of 
reducing power in silkworm blood by ligaturing the body of the larva 
in different regions and removing that portion not used for deter- 
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ininatioii of reducing power of the blood. He considered the hyper¬ 
glycemia to be duo to disturbance of the larva's sympathetic nervous 
system but had no explanation for the hypoglycemia. Heminingsen 
(4,9) injected insulin into larvae but obtained sucli variable results 
that no conclusion could be reached regarding'the effect of this 
hormone on the insect's blood sugar. 

Thus, observations and results reported in the literature suggest 
that in tlie insect hormones occur in relation to the nervous system, 
and that the insect's physiological mechanism, whereby it stores, 
mobilizes, and controls its glycogen reserves, i)robably involves both 
neural and hormonal components. It is obvious, however, that neural 
coinj)oneiits are not directly involved in a control of blood-cell gly¬ 
cogen, even though they should directly affect oilier glycogen- 
containing tissue cells. Although insufficient data are available to 
sliow whether the blood-cell glycogen is under hormonal control, 
the occurrence in insects of hormonal control of or influence on blood¬ 
cell glycogen is a possibility. 

SIGNIFICANCE OF BLOOD-CELL GLYCOGEN IN THE DIFFERENT INSTARS 

The results reported above and illustrated In figure show that 
blood-cell glycogen increases during developmeiit to a maximum in 
the prepupa and then verv rapidly falls to a low value in the early 
part of metamorphosis. Iliese variations are in accordance with the 
results of Habers (J) and other investigators. Thus, whatever the 
causes of glycogen storage, the stored glycogen is utilized during 
metamorphosis. Since the bl(KKl-cell glycogen increases with increase 
of carbohydrate intake and decivases during starvation, indicating 
that conversion from and to glucose occurs, it seems more ])robable 
that the blood-cell glycogen is stored carbohydrate reserve than that 
it represents the transport of carlx)hydrate from the intestine during 
alimentation. Thus, one function of the blood cells appears to be to 
serve, like other tissue <*ells, for the storage of glycogen to be used 
during metainorjdiosis. Whether the glycogen is utilized by the blood 
cells themselves, as they play their roles during develojmient, or 
whether their glycogen is made available as energy for other tissue 
cells is not eviclent from available data. 

KINDS OF BLOOD CELLS CONTAINING GLYCOGEN 

The results reported here show that when sufficient glucose was 
ingested by larvae most of the blood cells contained glycogen inclu¬ 
sions. There seemed to be one cell type, however, in which glycogen 
inclusions were not observed which, in the preparations stained by 
the liauer technique and count erst ained with thionin, appeared as an 
irregularly outlined cell with a relatively small nucleus that seemed 
to consist of a number of chromatin granules (jil. 2,-1, /, and /). 
These cells are here called "^rhagmatocytes” in accordance with a 
tentative cell classification. The oenocytoids also were not observed 
t o cont a in glycogen. 

The ])lasmatocytes usually showed a greater tendency to contain 
glycogen than did the cystocytes, although in a few preparations the 
(‘vstocytes were observed to contain glycogen when little or none was 
(fetected in the plasmatocytes. Of the several authors who have 
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reported the occurrence of blood-cdl glycogen, Bomjavlen^ (/4) 
appears to be the only one who has attempted to identify the typw 
of blood cells that contained the glycogen. In the walking stick 
Oamuahw moroms, and by implication in several other Orthoptera, 
Bogojavlend^ foimd glycogen inclusions in spindle-shaped cells that 
were capable of becoming rounded, and that composed about 70 percent 
of the blood-cell population, but ho did not state whether glyco^n was 
found in the spindle-shaped cells, capable of becoming rounde<l, which 
comprised his second class of blood cells in Bomhyx mori and by 
implication in several other Lepidoptera,^ and which would seem to 
correspond to the cells of Prodenia eridamM here called plasmatocytes. 
Similarly, Bogojavlen^ found glycogen in the proleucocytes of 
C, tnorotms^ but not in those of B. morL He also found a small amount 
of glycogen in his round cells with small nuclei, or micronucleoc 3 des. 
He also reported that the granules of the granular leucocytes of 
C. moroms gave an iodophilic reaction with Lugol’s solution and con¬ 
tained a carbohydrate (glycoproteid) component. Considering the 
fact that blood-cell glycogen is markedly influenced by carbohydrate 
absorption, the observations of Bogojavlensky and tho^ reported here 
are not necessarily inconsistent, especially since there is not complete 
agreement with respect to insect blood-cell ty|)es and since P. eridmia 
was used here and B. mori and other species were used by Bogojavlen¬ 
sky. The present observations and those of Bogojavlensky, that cer¬ 
tain blood-cell types tend to contain more glycogen than other types, 
are in accordance with the observations (4, ^7, 4^) that the granular 

leucocytes but not the mononuclears of vertebrates contain glycogen. 

FORMS OF GLYCOGEN INCLUSIONS IN BLOOD CELLS 

It has been sliown that glycogen inclusions may have different 
foi^ in different kinds of blood cells. Tlius, the cystocytes charac¬ 
teristically contain relatively small granular inclusions, (^ert ain other 
cells may seem to be more or less diffusely impregnated with glycogen 
and also to contain relativelj large round or nearly round inclusions. 
In accordance with a tentative bmod-cell classification, these cells are 
here called spheroidoc^es. The plasmatocytes characteristically con¬ 
tain smooth-contoured, round, ovoid, or somewhat irregular glycogen 
mclusions, which may differ greatly in size, even within a single cell. 
Bogojavlensky (IJi) describe similar glycogen inclusions in the 
spindle-shaped blood cells of GarauHta morosvn, and the glycogen in¬ 
clusions %ai^ by Vaney and Maignon ( lOJ^) seem to be of analogous 
forms. 'Die glycogen inclusions in the vertebrate granulocytes and 
pus cells described by some of the authors already cited seem to be 
small and of fairly uniform size. 

^Hie observations that some of the glycogen inclusions may be faintly 
stained or stained deeply at their peripheries but only faintly or not 
at all in their centers can be variously interpreted. They suggest that 
glycogen might occur either uniformly througliout the inclusion or be 
locally concentrated at the periphery. In no inclusion did glycogen 
wpear much more concentrated at the center than at the periphery. 
The plasmatocytes frequently contained colorless vacuoles of the same 
general aspect as the (pycogen indumons and, like th^ glycogen indu- 
dons, were often located at the poles of the fusiform cells. Bogo¬ 
javlensky (74) found pelar vacuoles in spindle-shaped cells of Caron- 
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sius morosus when they were observed in vivo, and from comparison 
of them with Best ana Luml stained preparations ho concluded that 
they contained glycogen. It would thus appear, either that chromic 
acid fixation followed by the Bauer staining procedure incompletely 
fixes and stains some of the glycogen in the Dldod^cell inclusions, or 
that blood-cell glycogen might be stored in preexistent cytoplasmic 
vacuoles or might be mobilized from and leave behind glycogen-free 
cytoplasmic vacuoles. The fact that, even within a single plasmato- 
cyte (from a glucose-fed larva), deeply stained glycogen inclusions 
may vary from tiny granules to approximately nuclear size indi¬ 
cates that glycogen may also appear in the cytoplasni without being 
associated with large preexistent vacuoles. Sometimes the large 
colorless vacuoles and glycogen inclusions were found to occur at the 
same time in a single blood cell. 

THE GLYCOGEN COUNT AND THE GLY(X)GEN INDEX 

With few ex(*eptions the individual glycogen counts were of the 
same general form as the average counts slmwii in figure 1, B and (7. 
The exceptional individual counts were similar in form to that repre¬ 
sented by circles in figure 1, in that the number of cells in class 3 
exceeded the number in class 3-h. Examination of the smears cor¬ 
responding to the exceptional counts showed that few or none of the 
cystocytes contained glycogen inclusions. Fi^ie 1, E, also shows that 
class 3+ may exceed class 3 in number of cells because the cystocytes 
tend to enter class 3+ more readily than classes 1, 2, and 3. Figure 
1, />, shows that as the glycogen index increase's the ni'mber of cells 
in classes 1,2, 3, and 3+ increases, but that the cells of class 1 increase 
relatively more than those of class 2, which increase relatively more 
than those of class 3. 

It appears, therefore, that as the glycogen index increases two shift¬ 
ing processes occur in the glycogen count. First, cells may pass rela- 
tively slowly from class 0 through classes 1,2, and 3 to class 3+. Such 
a process would tend to cause a shift of the maximum from class 0 to 
class 1, when the glycogen index l)ecomes sufBciently high. This is 
sliown by fimire 1, />, to have actually occurred, theoretically, the 
maximum should shift further from dass 1 through classes 2 and 3 
to class 34-, provided no limiting factors hinder the processes of gly- 
cojTOii accumulation in the blood cc'lls as the glycogen index becomes 
still higher. It is probable, however, that limiting factors do exist 
in the insect and would prevent the maximum from shifting all the 
way to class 3+. Secondly, colls may pass very rapidly from class 0 
throiigli classes 1, 2, and 3 to 3 f, or they may move from class 0 to 
3+ without going through the other classes at all. Either proc'ess 
would cause a greater numl)er of such cells to remain in class 3+ than 
in classes 1, 2, and 8. Figure 1, A-E^ shows that actually class 3+ 
tends to be greater than class 3 in numbers of cells, and figure 1, E^ in¬ 
dicates that, with regard to cystocytes, class 3-f exceeds classes 1 and 
2 as well as class 3. 

The microscopic observations also are in accordance with this in¬ 
terpretation of these figures. Tlie cystocytes tend to contain glycogen 
inclusions in the form of a relatively large number of small granules, 
whereas the plasmatocytes tend to contain fewer glycogen inclusions 
of relatively large size (pi. 2, 0/ 6, G and D ). 
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These results indicate that^ in the glycogen count, as the index in¬ 
creases the plasmatocytes shift according to the first (slow) and the 
(^ocytes according to the second (rapid) process. 

STATS or THE ELOOD-OBLL GLYCOGEN 

The hlood-ccll glycogen reported here includes only that which is 
histochemicall^ detectable, whereas that reported by Babers {3) in¬ 
cludes that which is determined by chemical analysis. It should not 
be assumed that the histochemically and chemically determined 
forms of glycogen are identical (i, 76). Bakker {4) found that 
chemically and histochemically detectable glycogen of exudate leu¬ 
cocytes may differ. Willstatter and Bohdewald {113) indicated 
that the glycogen of horse leucocytes exists mostly as a soluble 
lyoglycogen and to some extent as a less soluble, protein-bound 
desmoglycogen which, unlike the lyoglycogen, does not show the 
iodine staining reaction. They {IIS) also indicated that, when the 
leucocytes leave tlie circulating blood and migi'atc through the tis¬ 
sues, some conversion of desmoglycogen into lyoglycogen (x-curs. 
Bierry, Qouzon, and Magnan {13) repoited that h^cpatic glycogen 
occurs as free (soluble) and proteindxmnd (insoluble) glycogen. 
Other evidence (A?, W, ^) also indicates the ])Obsibility of glycogen- 
protein combinations occurring in cells. Wajzer {1(77) found that, 
in the frog and the guinea pig, a large proportion of the liver gly¬ 
cogen normally occurs in combination with protein (proteid 
glycogen). Bogojavlensky {16) foimd that fat-body glycogen of 
the siUcworm is much less soluble than the glycogen in other tissues. 
It is thei-efore quite possible that insect blood cells may contain 
lyo- and desmo- forms of glycogen, but distinction between them will 
depend upon future investigation. 

GLYCOGEN IN ALIMENTARY EPITHELIAL CELLS 

The results reported here indicate that, in the iioimal coui-se of 
development of Prodevia eridania, glycogen is absent from the mid¬ 
gut epithelial ^^lls and the blood cells at tlie time of hatching, that 
it appears earlier in the gut cells than in the blotxl cells, that it occurs 
in ^t cells in each instar, and that individual variations are large. 
Tins is in accordance with the results of Babers {J), who found no 
glycogen in the larva at the time of hatching. It cannot be con¬ 
cluded from these cbservations that the glycogen of the midgut 
epithelial cells is synthesized from ingested glucose as a part of the 
absorption process, for it is possible that these cells, like those of the 
bhxxl and the other tissues, are able to store up carbohydrate reserves 
from glucose iii the blood. The question of the occurrence of gly¬ 
cogen synthesis in the intestinal epithelia of vertebrates as a part of 
the mechanism of glucose absorption is as yet unsettled; in fact, it 
seems that it does not occur {106, 63, 68), Nevertheless, glycogen 
has been reported in the alimentary epithelium of the mammal by 
Bouget {94), Creighton {SS),Yon Iiirtn {37), and Home and Magee 
{63); of tlie frog by Barfurth {6); of the fly larva (epithelium?) 
by Bernard {8) ; of the silkworm by Bogojavlensky {16) and Paillot 
{78,79) ; of Limax^ by Barfurth (5); of Daphnia by,Von Dehn {24) 
and Beutler (Oallistel 39) ; and of Ohironomvs larva by Hamisch 
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(^6'). Voii Dclin {24) found gut-cell glycogen variable in Daphnia 
and, in general, detected it histockemicalW in animals that had been 
fed staix'h but not in starved animals. Gallistel {39) reported gly¬ 
cogen in the midgut cells of Daphnia only when there was an abun¬ 
dance of fat and glycogen in the fat-body cells.' Bogojavlensky (i^), 
making use of starvation and subsequent feeding procedures, re- 
IKirted that, after prolonged starvation of silkworms, glycogen 
I'emained only in the wall of the anterior part of the hindgut, the 
other tissues containing none, and that, with sulisequent feeding, 
glycogen occurred fiint in the fat-bwly cells and later in the midgut 
epithelium. Vuuey and Maignon {lo4) failed to find glycogen in 
the digestive e])ithelium of the silkwoi-m, and De Boissezoii {10) did 
not detect it in the cpithelia of the midgut and hindgut of Cul^ex 
pipkns. 

From the information thus available it would seem that glycogen 
occurs generally, bu<’ variably, in the gut epithelia of animals, that 
the gut-cell glycogen varies with the intake of carlxihj’drate, and 
that it probably represents a mere storage of carbohydrate reserve 
rather than a glycogen syntJiesis that acts as a part of the glucose- 
absoiqition mechanism. 


GLYCOGKN IN OTHER TISSUES 


The liist(M'heinical detection of glycogen in othei* tissues of insects 
lias been rejauled as follows: 


Tihhhv afi^tnstct 

Fat liody: 

Fly Ian a . 

Silkworm_ 


Toni ('aterpillar 

Mosquito_ 

VluronomuH laiva- - 
Oeiiocytos: 

Lppldoptera 

Aquatic Homipt(M*a_ 

Silkuurm_ 


InifstHfator 


Beniartl (9). 

_ Vane> ami Mnignoii (tOi), Bogo¬ 
javlensky (/J), ami Paillot (7S, 
7/0. 

Hmlolfs t/lfO. 

— De Boissesson (76*). 

Hnrnisch (}6’). 

Hollaude («77). 

Poissfin 

Bof;oja\ lensky (7.7) and Paillot 
(7/0. 


Perlt'ardiul cells: 

UryUns vampvHtriH and Vornhu» auiatUB 
L. (after InJiK'tioii of alumse) 

Silkworm_ 

Malpi}?hiuu tube: 

Silkworm_ _ 

Chiro7iomvH larva_ 

Reproduct iAe system, silkworm 


Hollande (.7.^). 
Paillot (7/0. 

Paillot (7.0). 
Ilariiiscli (pO. 
Boji;ojayleiisk.\ 


(7.7) 


and Paillot 


(7*0. 


etc_ Set literature cited by Babirs (.0. 

Nervous system (ganglia), silkwoiin __ Bogojavlensky (/.7). 

Hypodcrmul cells, silkworm. _ Bogojavlensky (/J) and Paillot 

Muscle: (7M, 7/0. 

Silkworm —. — _ Vauey and Maimion (7/0). 

Tent caterpillar.. Rudolfs (/I/O. 

Mosquito. . _ De Boissezon (lii). 

Silkworm _ ... Paillot (7/0. 

Vhironomm larva _ . _ Hnrnisch (^6‘). 

Associated with tracheal walls, silkw^oiin.. Bogojavlenskj’ (7.7) and Paillot 

(78, 7/0. 
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In the present investigation no polysaccliaride was obseiwed in 
the tracheal walls of Prodenia ^diania. The ventral ganglia con¬ 
tained poljrsaccharide, and Bogojavlensky {16) made similar ob¬ 
servations in the silkworm. The polysaccharide ol^rved in the 
armyworm gaimlia might or might not be located in the nervous 
tissue itself. Havet (47) reported that glycogra in the nerve centers 
of several animals, including Limax^ is contained only in the neu¬ 
roglial cells. Schabadasch (ff?) reported glycogen as occurring in 
both glial and neural cells in the mammal. Yaney and Moi^ion 
(104), Bogojavlensky (16), and Paillot (79) all found that striated 
muscles in the silkworm amieared to contain either no glycogen or 
a small amount spread dinnsely throughout the ^bstance of the 
fiber; but none of these authors fed largo quantities of glucose to 
the insects. When Prodenia eridania larvae were fed large amounts 
of glucose, their striated muscles were found to be heavily loaded 
with polysaccharide, which appeared to be diffuse throughout the 
fiber but relatively concentrated at the cross striations;_the alary 
muscle fibers, however, were relatively ixior in polysaccharide. That 
histochemically detectable polysaccharide is definitely related to the 
cross striations of muscle in vertebrates is indicated in papei-s by 
Arnold (/), Creighton Von Studnitz (101), Noll and Becker 
(77), and Feyel (32). Glycogen was also observed to occur in the 
labial glands of Prodenia eridama, but Yan^ and Maignon (104) 
and Paillot (79) failed to detect it in tliese glands of the silkworm. 

Since ingested glucose influences the polysaccharide content of tis¬ 
sues, disagreements of reported observat ions may be due in part to 
possible differences in food intake by the insects observed. These 
observations on Prodenia eridania indicate that many of the larva’s 
tissues have the capacity to store up much more polysaccharide than 
they seem ordinarily called upon to store. 

Although glycogen has been reported in the nuclei of some animal 
cells (77, 6S), polysaccharide has not been observed in tlie nuclei of 
any of the blood or other tissue cells of Prodenia eridania, insofar 
as the nuclear structures in these tissue smears could be distinguished. 

SITE OF GLYCOGEN SYNTHESIS 

Bogojavlensky (16) reported tliat the fat body of the silkworm 
is the site of the first glycogen synthesis during poststarvation food 
intake. Babers (3) showed that, whereas the tissues of the normal 
sizth-instar Prodenia eridania, exclusive of the blood and alimentary 
tract, contamed on an average about 4 percent of glycogen, dry 
weight, the isolated fat-body tissue contained about 23 percent. Al¬ 
though it is possible that glycogen ^thesis may occur solely or 
chiefly in the fat body, whence it could be transported to other 
tissues, this does not seen probable, for Babers (3) found practically 
all the blood glycogen of this insect localized in the blood cells 
and almost none in the plasma. It is more likely, tlierefore, that 
the blood cells themselves possess a mechanism for gluconeogenesis 
and glycogenolysis. 

INFLUENCSB OF DIFFERENT HI8TOCHEMICAL PBOCEDURES 

Some difference of opinion has be«n expressed with regard to the 
adequacy of different fixatives used in the histochemical detection of 
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glycogen (57, pp. Various procedures are ivcommended 

for use with insects. Brammertz (17) used Camoy’s fluid and Best’s 
carmine stain (controlled by the iodine and halivaj^ tests) to demon* 
strate glycogen in the embryos of Apis meUifera L. (A. meUifica)f 
Bonibya mori, and Meloe proscardbaem L. (M. cardbaeus). Bogojav¬ 
lensky (15) fixed silkwotm tissues in Camoy’s fluid and in saturated 
solution of cori'osive sublimate, saturated with dextrose, and reporied 
Camoy’s fluid satisfactory for glycogen fixation. De Boissezon (16) 
used absolute alcohol and Best’s carmine to fix glycogen in Cvdea} 
pipiens L. Gendra (J^O) modified Bouin’s fixative by replacing the 
water with 95-percent alcohol saturated with picric acid, and re¬ 
ported the modified fluid satisfactory for glycogen fixation in silk¬ 
worm tissues. Paillot reported Gendie’s fixative as satisfactory for 
glycogen fixation in the rat body (78) and in the hypodermal cells 
(79) of the silkwom. 

For glycogen detection in tissui^ of animals other than insects, 
Oamoy’s fluid, absolute alcohol, and the fixatives of Pasteels and 
Leonard and of Gendre are recommended. Von Studnitz (101) used 
absolute alcohol and Lugol’s solution to demonstrate glycogen in 
the frog’s sai-torius muscle. Noll and Becker (77) used absolute 
alcohol and Best’s carmine to demonstrate glycogen in muscles of 
the rabbit and the hen. Gallistel (89)^ studying glycogen in 
DaphnJa UTMgna Straus, fixed glycogen chiefly with Carnoy’s fluid 
but also with absolute alcohol and stained by Best’s carmine method 
or the iodine method of Langhans. Havet (^7), in a study of 
glycogen in the nervous systems of the rat, the cat, and TAmaa^ fixed 
with absolute alcohol or 92-percent alcohol containing iodine, and 
stained by Best's method or by the iodine method or Prenant; he 
consider^ foirnol and Bouin’s fixative unsatisfactory. Gendre (Ifi), 
using his own fixative, reported satisfactory glycogen fixation in 
the dog, adult monkey, fetus of monkey, adult rat, newborn rat, 
and bilkwoims; he stained by methods of Lugol, Best, and Bauer. 
Coutelen and Cm'het (20), in a study of glycogen in the larvae of 
cestodes, found absolute alcohol better than water fixatives, with or 
without picric acid, l)etter than fonuol saturated with glucose or 
corrosive sublimate saturated with glucose, and better than the 
fixatives of Bouin, Zenker, Camoy, Flemming, and Altman; Coutelen 
and C(x*het used their own iodiiie staining technimie. Feyel (5i?), 
in a study of glycogen in striated muscle fibers and liver of the frog, 
en.ploycd fixation in absolute alcohol with paraflin embedding, and 
also Bouin-Allen, Gendre, and Pasteels-Ltkmard’s fixatives, eacn with 
dioxanc-paraffin or celloidin embedding; she stained by the gum- 
iodine method, the iodine method of Langhans, Best's carmine 
method, and Bauer’s method, and employed the salivary counter¬ 
proof method. Feyel concluded that the best ivsults were obtained 
by fixing the muscles for 20 to 24 hours in Bouin-Allen fixative and 
embedding in celloidin. Pasteels and Leonard (81) studied the 
demonstration of glycogen in embryonic tissue and in adult liver by 
fixing the tissues in absolute alcohol for 24 hours, in alcoholic formol 


’ Sclentlflc names of insocts In plirentliPSPH liiimedlatoly following other solontific names 
are those appearing in the reference cited Other soieutifle names are those currently in 
use according to the Division of Insect Tdentiflcathm of the Dureau of Entomology and 
riant Quarantine, U. R. Department of Agriculture. 
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fur 24 hours, in fomiol saturated with dextrose for 24 hours, in 
Camoy’s fluid for 4 hours, in Zenker's fluid for 24 hours, in the 
Bonin-Allen fixative for 6 hours, and in their own fixative; they 
stained by tlie methods of Lugol, Best, and Bauer, and employed 
the salivary counteiproof. They concluded that the most satisfac¬ 
tory fixative for glycogen was an aqueous fixative saturated with 
picric acid, that the Bouin-Allen fixative was satisfactoi-y for hepatic 
glycogen, that aqueous fixations were required for blastulae, gas- 
trulae, etc., and that their own dioxane-picric acid-formal in-acetic 
acid liquid was satisfactory for fixation of glycogen. 

Lison {67, p. S30) stated that the Best carmine method has no histo- 
chemical specificity. Lee (6‘i. p. 268) iwonunended that jn-epara- 
tions be made in tiipilicate, to be used with the imline method. Best’s 
carmine method, and the salivaiy coimterpwMif method. Bauer (7) 
i-eported that his method would sele<‘tively demonsti'ate polysac¬ 
charides such as glycogen, galactogen, starch, tunicin, and cellulose. 
Ijison {67, p. 2J2) considered that, inasmuch as the coexistence of 
many jiolysaccharides in a given biological location is unlikely, Bauer’s 
method is a good histochemical test for glycogen. Lee {6\, p. 28!)) 
considered Bauer’s method to be leas specific than others. Giovannola 
(4/) concluded that the polysaccharide reaction of Bauer is better 
than the Best stain for many kinds of protozoa. Oendre (^0) con¬ 
sidered that the iodine reaction, with salivary counteiiiroof, is sjiecific, 
that the Best method is le.ss specific than the Bauer method, which 
itself is not very siiecific; he recommended that the Bauer method be 
controlled by the miicicaimine method of Mayer and the method of 
salivary couiiterpi'oof. ('outelen and Cochet (20) stated that, among 
the glycogen methods they used, only the iodine method and the 
Bauer method possess histochemical value and that, as the latter is 
positive for other polysaccharides than glycogen, it should lie ac¬ 
companied by other methods. Bakker (^) obtained results indicating 
that positive and negative iodine reactions are insufficieut evidence 
upon which to decide whether or not a cell contains glycogen. 

In the present work the fluids of Gendre, Bouin, Bouin-Allen, 
Pasteels and L4onard, Neukirch, and Vastarini-Cresi gave unsat- 
isfacto^ glycogen fixation when applied as indicated in table 1. 
These fluids were applied to bl(^ and tissues of larvae that had lieen 
heat-fixed, and the blood and tissue smears were not subjected to the 
usual dehydrating and embedding procedures. None of the fixatives— 
absolute alcohol, ('arnoy’s fluid, and Zenker's fluid—^that were found 
to give lietter results (table 1) contained picric acid. 

The staining procedures urea here were chiefly the method of Bauer, 
Avhich was supplemented with Lugol’s iodine method, the method of 
Best, and as counteiproofs, Mayer’s mucicarmine method and the 
method of salivary digestion, insofar as blood and midgut epithelial 
cells were concenied. The results are considered to indicate that the 
jiolysaccharide in the blood and the gut cells is glycogen, but since 
only the Bauer method was used on most of the other tissues, it cannot 
be concluded that the polysaccharide occurring in those tissues is 
glycogen. The results of this investigation, however, taken in con¬ 
junction with those reported by the other investigators, indicate that 
the observed tissue inilysaccharide is probably glycogien. 
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(rly coyeti in Blood Celh of Southern Army worm 

SUMMARY AND CONCLUSIONS 

Observations on the occurrence of glycopen in blood cells and mid- 
gut epithelial cells, as well as of polysaccharide in various other tis¬ 
sues, of the southern aiinyworm (Prodenta eridmki (Oam.)) are 
jiresented and discussed with reference to other literature liearing upon 
the subjet‘t. The results of several experimental proctnlures are also 
presented. From the observations aiitf results reported here, the fol¬ 
lowing conclusions may l)e drawn in regard to histwhemically de¬ 
tectable glycogen or jwdysaccharide in the southern armywonn: 

(1) Glycogen occurs normally in the bl(K)d cells, midgut epithelial 
cells, and*certain other tissue cells of the larvae. 

(2) Neither blood-cell glycogen nor midgut-epithelial-cell glycogen 
occurs normally in the larva at the lime of hatching. 

(3) As indicated by values of the glycogen index, blood-cell gly¬ 
cogen increases during normal larval development until it attains a 
maximum in the prepupa; after ])upation it rapidly decreases and 
remains at a low level during most of the pupal period, tending to dis¬ 
appear towai*d the end of the pu))al period. In the first instar, and 
j)robably in the adult, blood-cell glycogen (K'curs very infrequently. 

(4) When newly hatched larvae are kept without food, neither 
blood-cell nor midgut-epithelial-cell glycogen occurs up to the time 
of death; but when they are given fo(Kl containing sufficient carbo¬ 
hydrate, particularly glucose, midgut-epithelial-cell gly(*ogen appears. 
It tends to ap]>ear sooner than blood-cell glycogen, which occurs 
infrequently. 

(5) In sfxth instars blood-cell gly<*ogen decreases or disappears dur¬ 
ing starvation and increases after ingestion of food containing car¬ 
bohydrate, particularly gluco.se. 

((5) Ah many as 85 percent of the larva’s blood cells may <*ontain 
glycogen inclusions as a i*esult of ingestion of sufficient carbohydrate, 
particularly glucose. 

(7) Mo|4, but apjiarently not all, of the inst^ct’s blood-cell types 
can contain glycogen inclusions as a result of glucose ingestion. 

(8) The blood cells here called plasinatocyles and cystoi*ytes 
showed a OTeater tendency to contain glycogen* inclusions than *did 
tlie other blood-cell types. When the glycogen index is sufficiently 
high, glycogen inclusions may ai)pear, however, in the cells here 
called si)heroidocytes, polypodocytes, and nemat(Kbytes, as well as in 
sonie others. Glycogen inclusions may also occur in cells undergoing 
mitotic division. 

(9) The glycogen inclusions tend to be fewer and larger in the 
jdasmatocytes than in the cystocytes. 

(10) The glycogen count of* the normal insect typically has the 
form 0>1>2>3<3+, where the numbers refer to the classes in the 
count. 

(11) As the glycogen index inci^ases, the cells decrease in class 
0 and increase in the other classes. The increase is greater in 1 than 
in 2 and greater in 2 and 3+ than in 3. When the glycogen index 
increases enough, the maximum shifts from class 0 to class 1. 

(12) The ]>rasmatocytes tend to pass through all the classes from 
0 to 3+ relatively slowly, whereas the cystocytes tend either to pass 
through them rapidly or to enter class 3-f without passing thnnigh 
1,2, or 3 at all. 
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(18) Average glycogen counts from nonligatured larvae and from 
the fore and hind ends of ligatured larvae have similar forms. 

! 14) Glycogen may occur in midgut epithelial cells in each instar. 

15) Midgut-epithelial-cell glycogen is influenced by food ingestion, 
decreasing as a result of starvation and increasing after high intake 
of carbohydrate, especially glucose. 

(16) Glycogen Inclusions can occur in the labial-gland cells and 
the oenocytes of first instars. 

(17) Polysaccharide can also occur in the following tissues of larvae 
fed sufficiently large amounts of gliicose-conistarcli-tumip leaf food: 
Ganglia (and connectives) of the ventral nerve cord, labial glands, 
Malpighian tubes, fat body, oenocytes, gonads, pericardial cells, 
integument, walls of the foregut and hindgut, striated mus(*le fibers 
of body muscles, gut musculature, cardiac muscle, and the alary 
muscle fibers. 

(18) In the striated muscle fibers the polysaccharide occurs diffusely 
in the fibers and concentrated at the cross striations. 

The obseiwations and results reported here, taken in conjunction 
with the other results reported in the literature cited in this paper, 
tend to suppoit the following conclusions: 

(1) Proaenia eridania is not exceptional in that some of its cir¬ 
culating blood cells normally contain glycogen inclusions. 

(2) The blood-cell glycogen represents a store of reserve carbo¬ 
hydrate rather than, for example, a newly absorbed foodstuff that is 
being transported by the blood to the tissues; hence, storage of reserve 
carbohydrate may be recognized ns one function of the southern army- 
worm’s blood cells, particularly the plasma!(wsytes and the cystoeytes. 

(3) The glycogen-containing blood cells themselves possess niecban- 
isms for gluconeogenesis and glycogenolysis. 

(4) Gluconeogenesis and j3y^ogenolysis may be influenced by a 
number of different factors, which are discussed’. 

(5) The midgut-cell glycogen indicates a storage of reserve carbo¬ 
hydrate rather than a ghicose-absorbing mechanism. 

(6) Glycogen synthesis occurs in those tissues in which the glycogen 
appears, rather than exclusively in a single particular tissue, such 
as the fat body, although this body may synthesize and store a 
relatively large amount of glycogen, 

(7) Glycogen probably occurs in the glycogen-storing cells in both 
a soluble and a relatively insoluble form. 
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‘TARTICLES” AND THEIR RELATIONSHIP TO THB^ 
STRUCTURE OP ANIMAL FIBERS ' 

By J. I. Hardy, senior animal husbandman^ Animal Husbandry Division, Bureau 

of Animal Industry, United States Department of Agriculture, and Thora M. 

Putt, cusistant microanalysi. Fish and wildlife Service, United Slates Department 

of the Interior 

INTRODUCTION 

Many of the problems concc^nn'd with the variation in the qualities 
of animal fibers can never b(» solved until a more comprehensive under¬ 
standing of the' minute structure of the fibers has been achieved. 
Of the many animal fibers, wool is the most widely used. The 
peculiar pn)p(‘rties of wool have led to much speculation as to the 
structure of the fibers. More than a century ago Thomas IMint, a 
woolen manufacturer, made the following statement, as (|uoted by 
Youatt p- 

RohpoctiiiK the application of the microscoi>e to the examination of the tibre, 
I oni decidedly of opinion that a careful and iniiiiite examination of wools differing 
ill their felting properties would issue in the detection of some specific difference 
of structure. This property is altogether inexplicable, at least in my mind, 
<‘\cept on the supposition that the extn»me surface of th(‘ fibre is irregularly 
fvathend, and that, by compression, these feathered edges become^ entangled and 
lock(*d together. These feathers mint aKo point in one direction, \i7, from the 
root to the (‘xtrernit.v of the* fibre; and if we suppose the feathered edge, or, more 
])roperly speaking, the individual tooth or feather, to Im» of a firm textim*, it is 
e\ident that one tooth being pushed into another, would fasten like a wedge; and 
if we further suppose that the tooth or feather has a barb, similar to that on a 
whi’le-harpoon, the phenotnena of felting are explained. 

Flint’s observation of tin* serrated (‘dges of wool is also described 
by Youatt {24, p, S7), as folloMs: 

A fibn* was taken from a Merino flc'cce of threi* years^ growth * * *. It 

w'^Ds taken without selection, and placed on the frame to be examined as a trans¬ 
parent object. A powder of 300 (linear) was used, and the lam]> was of the com¬ 
mon fiat-wicked kind. The focus wps readily found; there w'as no trouble in the 
adjustnumt of the microscope, and, after Mr. Powell [the maker of the microscope], 
Mr. Flint had the first perf«‘ct ocular demonstration of the irregularities in the 
surface* of wool—the palpable proof of the cause of the most valuable of its 
properties its disposition to felt. 

During tin* last ctuiiury the lam'r elements of the structure of 
wool fibers wen* definitc'ly established. The thn^e main regions are 
th(» cuticle, cortex, and medulla. The cuticle is the layer of thin, 
horny, irregularly sha])('d, j)hitt‘like cells that envelop the fiber. 
Tlu*s(' C(‘ll8 may oxerlap each othc*r or surround the fiber, but their 
edges always point toward its tip. Many patt(»rns are formed on the 
surface of wool fibers by the aTTangtmient of these cells. They differ 
in different animals; in fact, they vaiy from the root to the tij) end 
on many fibers. The cortex, wfiich lies just below the cuticle, con¬ 
stitutes most of the remaining portion of a wool fibcT and sometimes 
all of it. It is made up of spindle-shaped cells that are intimately 
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bound topcthor, probably by some sort of binding substance. The 
strength and elasticity of wool arc attributed largely to these horny 
cells. Many fine fibers are composed of only the cuticle and the cor¬ 
tex; however, in most wool fibers there is a central corelike structure, 
the medulla. It may differ in appearance in different kinds of wool. 

Nathusius (f^) disintegrated wool fibers by chemical means, em¬ 
ploying sulfuric acid, alkali, or ammonia to separate the cells. He 
found the cuticle, cortex, and medulla to be compos<‘d of cells of 
different sliapes. McMurtrie {10), employing the same reagents, 
examined these cells in detail witli special reference to differences 
among various breeds of sheep. Walther’s {iZ) ambitious measure¬ 
ments of 20,000 cortical cells, separated by sulfuric acid, showed 
that there are slight differences in size of wool-fiber cells among 
different breeds of sheep but they are not of sufficient magnitude to 
waiTant definite conclusions. 

Since disintegi'ation of the fibers by chemicals always produces 
some swelling, attention was turned to biological methods of dis¬ 
integrating fibera. Meunier, Chambard, and Comte {11) successfully 
employed an enzyme, pancreatin, for tin* separation of the cortical 
cells, and also of the cuticular cells. Watei*s {23) isolated the bac- 
teriiun that causes pink rot of wool, and this organism was usc'd by 
Gabriel {6) to break up the fibers for the study of the cellular charactiM-s 
of wool from Merino, Ronin(»y, and Lincoln shet'p. Burgess {2) 
disintegrated wool fibers by the action of the (‘iizyinc^s tiypsin or 

E epsin. The results were similar to those obtained with the proteol^ tic 
acteria but were achieved mucli more rapidly. 

Although the early workers thought that the cell represented the 
ultimate element of stnicture of animal fibers, later studies have* 
disclosed smaller featui*es. Striations lengthwise of the fibers have 
been noticed for a long time. Waldeyer {21), in examining hairs, 
concluded that these were fibrils (“llonifibrilhur’), which W(‘n‘ con¬ 
stituent parts of cells, but were longer than individual cells. 
believed tliem to be the ehunents of the structure of fibern, and he* 
thought that tlu*y were produced by the cell protoplasm. Nathusius 
{16) confirmed the findinj? of these fibrils and their importance as 
structural units of the cortical cells but did not find substantiation of 
Waldeyer^s {21) claims that the fibrils wrere larger than entire cells. 
Moreover, he also mentions on interfibrillar cementing substance. 

Physicists and chemists are at present approaching the study of 
fiber structure from entirely different angles. Thus Astbury (i) is 
det(>rmining the shapes and the dimensions of iho molecules and the 
way they fit together. Speakman (f.9), Harris and Rutherford {8), 
and others are explaining characteristic properties of wool m tc^rms 
of chemical differences. 

In the opinion of the writers, there is a large gap betwetui the 
fields in which work has been in progress on wool. On the one hand, 
tlie microscopists examine wool at 300 to 500 diameters’ magnification, 
usually to understand its gross structure, whereas the physicists and 
chemists study the size, shape, link^es, and other chara*ct(‘ristics of 
the structural components of fibers in terms of angstroms (0.0001^). 
However,/xact knowledge of the smallest visible units of structure of 
the fibers and the manner in which they are held together is yet very 
meager. Indications of the existence of particles fn w^ool,'mohair. 
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human hair, cattle hair, and hog bristles wen^ obtainod by Hardy 
and reported by Mohler {12^ p. 26). Questions arise as to what may 
be revealed eonceniing the stioicture of the cuticle*, the* cortex, and the 
medulla when they are examined at higher magnifications than have 
ordinarily been listed, and also whether derails can be more shai'ply 
defined b^ special attention to optical and histological techniques at 
all magnifications. To obtain information on these points, the study 
reported in this paper was eonducted from 1938 to 1940 at the United 
Stales Department of Agriculture, Beltsville Research Center, Belts- 
ville, Md. 

EXPERIMENTAL METHODS 

In seeking units of structure of animal fibers smaller tlimi tin* fibrils 
reported by Waldeyc'r (21), wool fibei*s from Lincoln and Karakul 
sheep were chosen as the matej'ial for investigation. Several methods 
were em])loyed to disintegrate the fibem in order to avoid artifacts. 
Mechanical disintegration ivas accomplished in two ways: (1) The 
fibers were disseeted under the microscope* (CJreenough type), bits of 
the fib(*r being p<*(*led off the surface with a sharp knife, and mounts 
made* of these* surface or cuticular scrapings and also of scrapings of 
the* corte*x; (2) fragments of fibei*s in a me)re* finely divieled state were 
e)btained by grinding the* sample in a Wile*y mill and rc*moving the 
eoamer fragme*nts by sifthig the ground mate'rial through a fine-mesh 
glass cloth. 

(lieinical disinte*gration of the cells was e)blained by a proce*elure* 
similar to tliat followed by earlie*r inve*atigate)i*s. This consiste*d in 
immei*siug mounted fibe*i*s in a waim solutie)n of e*qual ])arts of sulfuric 
aciel and water or 5-perc(*nt sodiiun hydroxide. Two or three fibers 
we're* mounte'd on a glass sliele with adhc'sive tape, the Abel’s e*xtending 
nearly the entire length of the sliele. As the fibe'i-s disintegratc'd, 
aucc(»ssive* segments were re*moved fmni the slide and niount(*d in 
glyce*rin. Slight pressure was applied to separate* the fiber cells. 
In this manner slides wen* obtained that showed the various stage*s 
in the se'iiaration of the cells. Saturated ac|U(*ous solution of bromine, 
as wc*ll as pe*rhyelrol, was found to be satisfactoiy for disintegrating Ihei 
fibers. 

Finally, a neW' biologieal method of disinle*grating the fibers was 
devised by the senior author, as reporte'el by Mohler (12). It con¬ 
sists in feeding W'ool to carpet beetles,** Anihenus thorax and AtUigenus 
piceus, under controlled conditions. The discoverv of this m(*t]u)d 
resulted from an insp(*ction of guinea-pig-hair samples that had been 
stored in large gelatin capsules. The snow-white hair had somehow 
been rt'placed by a snow-white powder; black and wliite hair by a 
gray powder. (Hoser inspec'tion revealed a small hole in each capsiile; 
the larvae of some insect had eaten through the gelatin of the capsules, 
devoun*d the hairs, and made their exit the same way that they had 
come. The entire sam])le cabinet proved to be inf(*sted with carjiet 
b(*etles. It seemed logical to assume that if the beetl(*s had lived only 
on the hair, their excreta W'ould contain remains of fibers in a veiy 
finely divided state*. Microscopical examination confirmed this. This 
lead was followed up by an experiment. Carpet beetle laivae were 

* These were obtained throuRli the courtesy of Ernest A. Bark, of the Bureau of Entomology and Plant 

S uaranfine* and of W'llliam A. Da\ idson, formerly of the Food and Dnifr Administration, I'. S. I>epartioent 
Agriculture. 
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placed in contact with various kinds of animal fibers, indudine several 
kinds of wool, hog bristles, and the extremely tough bristles from the 
tail of the African elephant. All of these were consumed with appar¬ 
ently equal ease ana relish hj the carpet beetle larvae. Passing 
through the digestive tracts of the insects, these animal fibers were 
reduced to a powder. 

In view of this finding, the foUowhig experiment was performed: 
Fifty of the beetle larvae were put into each of a series of specimen 
jars having a capacity of about 25 cc. and provided with screw caps. 
A sample of wool was added to each jar, which was then set in a dark 
place at room temperature. In a few days the wool was reduced to 
powder by passing through the digestive tracts of the beetles. 

To determine the arrangement of the particles in the fibers, cross 
sections and longitudinal sections were cut on a rotary microtome.^ 
The fibers were prepared for sectioning by putting them through 
three changes of dioxane and then keeping them in a parafiin oven 
for 2% hours in a mixture of one-third dioxane and two-thirds soft 
paraffin. At the end of that time they were transferred to hard 
paraffin (56® 58® C.), left for 2% hours, and then embedded. The 
best success in cutting tin* sections was found with blocks that had 
stood about 1 week before cross sectioning. 

Mounted specimens derived hy the above methods were examined 
under different microscopic conditions, including ordinary transmitted 
light, oblique illumination, and polarized light. It was not practical 
to measure directly the small individual units found. However, by 
the use of an ocular step micrometer it was possible to observe chains 
of the minute structural units of the fibrils and to mc^asun* the length 
of several chains, from which the approximate size of individual 
units could be determined. 

EXPERIMENTAL RESULTS 

Both the scrapings of the fibers and the fibera that had been ground 
and passed through the fine-mesh glass cloth were found to bc‘ too 


EXPLANATORY LKOKNI) FOR PLATE 1 

Af ARgregates of particles with cementing material in a finely ground Lincoln 
fiber; mounted in acryloid. 

/i, Aggregates of particles in a finely ground Lincoln fiber; mounted in poly¬ 
styrene. 

Cf Individual particles in finely ground Karakul fibers; mounted in polystyrene. 

/), Individual particlcH in excreta of car|H*t beetles fed Lincoln fibers; mounted 
in iKilystj'rene. 

kf Striated appearance of an untreated Karakul fil>er, as revealed by an im- 
pn^sHion on a transparent thermoplastic film. 

F-If Progressive stages in the disintegration of fibers through ihv use of sodium 
hydroxide: /*', fiber swollen, chains of black particles visible in lighter edges of 
Karakul fiber; C, Karakul fiber greatly swollen, particles evident in medulla 
(corelike center); //, partial disintegration of Karakul fiber, medulla still preserved, 
o«‘lls broken down into fibrils; /, complete disintegration of Lincoln fiber, fibrils 
separated. 

J, Cross section, about 5g thick, of Karakul fiber, showing aggregates of 
particles. 

K and L, Longitudinal sections of Karakul fibers, showing regular alignment 
of chains of particles. (A-D, X 36(10; E-L, X 600) 

* Them seotioDB were prepared by H. Dean Ray, of the Bureau of Animal Industry, 
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large to show the details clearly. However, the fine dust sifted from 
the* gniund fibers was satisfactory. On examination of this powder 
under the microscope with oblique illumination, aggregates (pi. 1, 
A and B) and individual small spherical units (O could be seen. 
These individual units, for which the authors propose the name “par¬ 
ticles,*' were only a fraction of a micron in diameter. 

The arrangement of the cells, fibrils, and particles was best observed 
in the specimens that had been pn^pared by chcunical treatment. 
Plate 1, Ef shows an impression of an unti'c^atc^d Karakul fiber on a 
transparent thermoplastic film, obtained by a niethod previously 
d(»veloped by the authors (7). The somewhat striated appearance is 
evidently caused by fibrils, wliich in turn are composed of chains of 
])artich‘s. F, G, Ilj and I show progressive stages in the chemical 
disintegration of fibei*s. In F, these chains of black particles are 
visible in the light(‘r edges of the fiber. In ff, which shows a greatly 
swollen fiber, the particles may be clearly seen in the medulla. Tn 
7/, the fiber is partly disintegrated although the medulla is still pre- 
s(»rved. The cortical cells have broken down into fibrils, in which 
the chains of particles hold together in a colloidal mass. In /, the 
fibrils have become aeparat(‘d during severe swelling. Here, again, 
the particles arc seen to be arranged in single rows of (diains. In the 
cortex the cells appear in parallel chains, whereas in the medulla the 
cliains are irregular and very much twisted. It is possible that these 
chains of particles are not in the same plane for tlu»ir entire length and 
may, then^fore, be longer than they appear. The arrangcuinuit of 
th('S(‘ particles in single rows of chains and th(‘ approximateV paralh'l 
alignment of many of the fibrils with respect to the length of the fiber, 
may be of fundamental significance in determining some of the im- 
portanl nurhanical properties of animal fibers. 

Inspection of the fine powder to which tin* wool was r(*duced by 
liassing through the dig(»stive tract of the* carpet beetles revealed 
that it was made up of aggre^gates of many small pellets. On cnishing, 
these pellets were found to b(* composecl of small spherical units that 
appeared to be the same as those obtained by the other methods. 

Examination of parts of fibers from Karakul sh(‘(‘p by ordinary 
transmitted light greatly facilitatiMl the recognition of the particles 
because of the presence of pigment in many of tlumi (pi. 1, «/, K, L), 
The significant fact is tlnreby established that the individual particles 
may contain pigment, as shown also in C. The pigmented particles 
are usually black but some bi’own onc‘s ha\e been scrii. It is not 
uncommon for black particles and wdiite par’ticles to e.xist in closi* 
])roximity in the same fib(»r, but in any one fibril particles of oiu' color 
appear to predominate ( 70 . 

In ])late 1, «7, which shows a thin cross section of a Karakul fiber, 
particles may be seen in aggregates of dilTerent shapes and sizes. 
Ill K and Z, which show longitudinal sections of Karakul fibers, 
chains of particles are aligned in a regular manner. 

Under polarized light this alignment is further manifested. A whole 
chain exhibits the same characteristics of double refraction as do 
the individual particles. The fibrils are bright when placed in a 
position 45° to the planes of vibration of the Nicol prisms but are 
extinct when placed parallel to the planes of vibration. When the 
“first order red” plate is inserted, the chains arc alternately blue and 
yellow as they are rotated through tin' quadrants. Since the particles 
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aifeepherical, Buchbdiavior of Uie fibrils indicates that the particles 
ane arranged in accordance with the alignment of sabmicroscopic 
intemd structun^s. 

Measurements of chains of particles yielded an estimated diameter 
of 0.611 for individual particles. Particles obtained from finely 
ground Karakul fiber are shown in plate 1, C, and particles from the 
excreta of carpet beetles fed Lincoln wool fibers are ^own in figure 
D, both mounte<l in polystyrene. A transparent film was observ(>d 
repeatedly. Such films may be seen in pieces of finely ground Jjincoln 
wool fiber mounted in aciyloid (A). The particles are apparently 
attached to this film, which may therefore prove to be of the nature 
of a cementing material. 


DISCUSSION 

The particles are apparently composed of keratin. The question 
of the relation of these keratin particles to mieellro and crystallite 
naturally arises. For many years scientists have attempted to gain 
an understanding of the pallet stnictural units. Wlint they have 
seen and their interprotations have given rise to eontroversie. 

The definition of micelle has undeigone several revisions through the 
years. N&geli’s conception, as reported by Nfigeli and Schw(*n(lener 
(IS), was that molecules aro grouped into submicroscopieal, that is, 
invisible, ciystals which he termtKl “micelles.” Speakman still refera 
to micelles in wool 200 angstroms thick and probably 10 times as 
long. Frey-Wyssling (S) modified the concept of micelles to apply 
to all the long molecular chains which are the framework that lends 
rigidity to a gel. This is au extension of thought in that it includ(‘s 
not only tlie a^egates of chain molecules in sufficient numbers to 
produce crystalline effects, but also those composetl of but few parallel 
chain moleculro. ()n this basis he proposi d a theoretical structuri* of 
fibers which he believed would reconcile the two conflicting points of 
view: on t he one hand, the existence of a bricklike stnicture composed of 
a disperae phase in a dispersions miHlium, such as conceived by Nageli 
(IS); and on the other hand, the existence of only a continuous structure 
interpreted by Sponsler (W) and Astbury (I) in X-ray methods. 
Frey-Wyssling (5) proposed a retieular fibrUlar system of structure in 
which long molecular chains crystallize together in some regions, and 
in others are not sufficiently close or regularly parallel to form a 
erystalline lattice. There is no corpusculai’ disperse phase, hut both 
micellar and intermicellar systems are continuous, penetrating each 
other. Individual micelles do not exist because they are all connected 
with one another and grow together; the micelles of NUgeli corre¬ 
sponded merely to crystalline regions within a continuous, ])orous 
structuri*. Farr and Sisson (4) emphasize that the possibility of 
further subdivision of cellulose particles into smaller, possiMy sub- 
microscopic, crystalline masses is not obviated by their conception 
of membrane structure. It is likewise possible that the ki'ratin 
particlro may in turn be composed of submicroscopic units of structure. 

All the investigators mentioned studiiHl cellulosic fibers except 
Astbu^ ( 1 ), who investigated fibers of animal origin. Further 
analysis tn the several related fields will be noc(>88aTy before the 
exact structures of fibers and their ndationships are definitely 
established. 
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The particles in wool and other animal fibers are believed td'ibe 
composed of keratin since their resistmice to the action of chemicals 
is similar to that of the entire keratinous fiber. Furthermore, like 
the whole fiber, the particles are doubly refractive, as are the fibifis 
in which they occur. These particles are spherical, liaving a diameter 
estimatiHl at approximately O.fi/ui* Natbusius (IS), measuring dry 
fibrils by projection, although obtaining measurements between 0.3/i 
and 0.7^, concluded that no difference in the thickness of the fibrils 
could be (lemonstrated between different kinds of hairs or between 
wools of different fineness. The keratin particlra appear to be uni¬ 
form in size, although this point is difficult to determine at the high 
magnifications that must be employed to see them. In different 
mounting; media their apparent size is slightly different, as demon¬ 
strated in plate 1 , A and B. However, conclusive studies along 
this line have not been made. The particles have a linear arrange¬ 
ment, producing the fibrils that have been previously recognized. 

A distinctive quality of the keratin particles is their capacity to 
bear pigment. As eany as 1867 KSlliker (.9) called attention to the 
presence of granular pigment in hair. In 1894 Nathusius (15) dis¬ 
covered that the pigment granuh's are pn^sent in the fibrils and em¬ 
phasized that they arc definitely oriented structurts?, not mere granular 
deposits of pigment. 

A thin transparent film has been repeatedly observed in the present 
investigations (pi. 1, A). This may be a cementing substance which 
holds the particles and the chains together. Moreover, the presence 
of hiicli a substance between the particles might be deduced from the 
fact that the particles pass through the digestive tract of the carpet 
beetle larvae apparently without any change. Consequently, the 
nourishment derived from the fibers by the larvae may well be from 
such a cementing substance. The presence of a cementing material 
has long been postulated by those invratigalors who broke up animal 
fihera into their constitiumt cells- Nathusius (14, IS), Waldeyer (21), 
and Meunier and coworkers (11). Waldeyer (h) supposed that the 
fibrils were differentiation products of the cellular protoplasm and 
that a remnant of the pnitoplasm was left betwe('n the fibrils os an 
interfihrillar C(>menting substance. 

The presence of cellulose particles having many properties similar 
to the keratin particles has been reported in plant cell walls by Farr 
and Eckerson (S). More than a century ago Schleiden (16) and 
Schwann (18) formulated their famous "cell theory, declaring the 
fundamental similarity of cellular structure in the plant and animal 
kingdoms. About 20 years later Schultze (17) established the proto¬ 
plasm doctrine, wherein it was rwognized that protoplasm is siii^ar 
in all living organisms. The present writers advance the possibility 
that particle's are the smallest visible units of mechanical stnictun's 
in both plants and animals. 


SUMMARY 

To gain a clearer insight into the microscopical structure of animal 
fibera, research was carri(*d on at the United States Department of 
Agriculture, Beltsville Research Center, Beltsville, Md., during the 
years 1938 to 1940. 
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Minute structural units, which the writers propose to call ‘^fjarticlcs/’ 
were observed equally well in fibers subjected to the following trc^al- 
ments: Disintc^ation by chemical means; reduction to a powder by 
a new biological method, namely, through digestion by carpet beetles; 
and grinding through a special mill and using only the resulting fine 
dust. 

The particles are composed apparently of keratin, are spherical, 
uniform in size, and measure approximately 0.6/i. They are doubly 
refractive to polarized light and sometimes bear pigment. Individual 
particles have been isolated and photographed. 

The particles arc aligned in chains, which constitute the fibrils. 
The chains lie parallel to the long axis of the fibers in the cortex, but 
they appear to twist and interlock in the medulla. 
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RESPONSES OP SOME PLANTS TO EQUAL AND UNEQUAL 
RATIOS OF LIGHT AND DARKNESS IN CYCLES RANG¬ 
ING FROM 1 HOUR TO 72 HOURS ^ 

By H. A. All4Rd, senior physiologist, and W. W. Garnbr, principal physiologist. 
Division cf Tobacco Investigations, Bureau of Plant Industry, United States De¬ 
partment of Agriculture 

INTRODUCTION 

During the longer days of summer and in high latitudes it is a eom- 
paratively simple matter to study the lengUi-of-day behavior of plants 
und(T the normal daylight of the natural 24-hour cycle. This can be 
(Ion(‘ by the use of dark Iiouses excluding all light, in which the plants 
can be kept when the daily number of hours of daylight allowed in 
the test each day has been satisfied. When cycles longer or shortcu* 
tlian the natural lengtli of day of 24 hours are desired, the use of 
natural daylight supplemented with artificial light or artificial light 
alone must be* resorted to. In the experiments ne)W being reported 
upon, artificieil light alone was useni te)gether with fairly constant 
temperature and humielity. 

In the* literature ^® « there has been much meue work reported 
that de'alt with the natural-elay e^ycle e)f 24 hours than with longer or 
sliorter cyede's, partly because specially designeel anel expensive eeiuip- 
menl is requiresd to obt-ain sumcienitly high light intensity witliout 
exeessive he>ating, together with acenrate anel elepi'iuiable regulation 
of the ele‘sireel light anel elarkne»ss periexls. In aeldition to tliis, con- 
tre>l of teinpemture' aiiel humidity within fairly narrow limits become*s 
a part e)f the problem of the artificial climate proposeel. 

For this reason it has been thought desirable to present the* follow¬ 
ing elata for ceanparison with previously accumulate^d data baseel 
upon the same* ratios in the natural-elay cycle of 24 hours.^ 

MATERIAL AND METHODS 

(\)ntrol of ventilation, te^mperature*, anel humielity was obtained 
by the use e>f a vertie'.al-type' unit air eonelitioner, so aelapted as to 
eariy modified air through suitable due*ts at a constant rate into e*ight 
plaiit eiabinets, each about 19 inches square. 

1 Rocoivc>d for imbllcation March 31,1M1. 

^ Oarmbb, W. W., and Allard, U. A. RFFRCTOFARNoRMALLYLONa anuhiiort altkrnawons of lkiht 
AND DAUKNK88 ON GROWTH AND PBVKLOPMBNT OF FLANTB. JoUT. AgT RcS. 42 629-651, lllUSS- lWI. 

’ McAlister, E. 1). timb course of FuoTOSTNTaBsia for a higher n.ANT Hmithsn. lust Miac. f ollect. 
66, No. 24,17 pp., iUu4. 1QS7. 

« IGGBNA, Marie LUISE. BEOBACHTUNOEN I^HER die I^IRKUNG deb LIUITES AUF dab WAniSTUII TON 
blaualgbn tTND grOnalqen. Arch. f. MlkroMol. 0: [129H66, Ulus. 1638 

• AtTFDBMGARTEN, HEINRICH. ZUR XENNTNIS DEB BOGENANNTEN INDUKTIONSTORGANGE BEI DBk 

KOiiLENsXuRBAsaiiULATiON. PlaDta 29:643-678, Ulus. 1639. « 

• HamNER, Karl O. intebrelatiom of ught and darknebs in photopbriodic indi ction. Hot. Oaa. 

101:668-687, Ulus. 1640. ^ ^ w 

»The term “cycle,” as here used, referB to the time elamlng from the bpeinnins of cm light Intervw to 

another. It Includes an Interval of light together with the Interval of darknesB immediately foliowtag. In s 

1:1 ratio of light and darkness, an altemetion of 12 honni of light with 12 hours of darkness oonsUtutes a cycle 
of 24 hours. 
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The light in each cabinet was furnished by a specially manufac¬ 
tured water^jacketed and water-cooled 110-vmt 1,000-watt incandes¬ 
cent bulb equipped with reflector, giving at a distance of 1 foot below 
the bowl an intenaty of about 1,200 foot-candles as measured by a 
Weston illumination meter, modd 603, equipped with a viscor filter 
to measure only visible radiation. 

The plants were grown in porcelain sauce pots of 8-gallon capacity, 
15.5 inches in diameter and 11.7 inches hi^, and without drainage 
holes at tiie bottom. Each cabinet held one pot. 

The soil used was a well-screeneil, wdfl-mixed greenhouse loam. 
Nine pounds erf clean river sand was first leveled on the bottom of each 
pot, which was then filled with 85 pounds of packed soil, so that the 
amount erf soil and sand was the same in each. 

The soil placed in the cans was at the optimum tilth, the moisture 
content determined at this time being 19 to 20 percent. 

Except in the case of Bvdbeekia bUxlor, which was first sown in flats, 
the seeds were sown in the containerB in the warm greenhouse, and 
promptly at germination the seedlings were transferred to the tests. 
Tfarouidiout all tests temperature was maintained at 77° F., plus or 
minus 2°, with a humidity of 60 percent, plus or minus 2 percent. 

The pots rested upon coimterpoised balances in the cabinets, and 
the water loss was compensated for by the addition of distiUed water 
each day. 

The plants usc^ were Peking soybean {St^a max (L.) Piper), a plant 
whose flowering is hastened by short days; Rudbeekia bieolor Nutt., a 
plant whoso floweri^ is more favored by long days; Zinnia angvMi- 
jfdia H. B._K.(eold in the trade imder the name Z. mexicana Hort.X 
a plant strictly indeterminate or day-neutral in its responses; wheat 
{Trilieum aeatvpum L.), spring wheat variety Hard Federation, which 
appears to be a long-day, high-temperature type; and dill {Anethvm 
graveolenaJj.), an umbelhfer of long-day habit with respect to flowering. 

In some instances a definite (yde of light and darkness was adopted, 
and a^ study of difiterent ratios of light to darkness was made. In 
other instances attention was directed mainly to equal ratios of light 
and darkness involving total l^ht-darkness cycles ranging from only 
1 hour to as much as 72 hours. In all tests a control set was grown 
with alternations of 12 hours of light and darkness, to serve as the 
standard of behavior for the natural 24-hour cycle, which most plants 
experience everywhere in nature except at or near the poles, where 
continuous light prevails during the growing season. 

EXPERIMENTAL DATA AND DISCUSSION 

PEKING SOYBEAN 

From the data on the Poking soybean m table 1, it is obvious that 
the plants grown in cabinets 1 and 2, experiencing equal alternations of 
light and darkness in tydes of 24 and 18 hours rospectivdy, differed 
markedly in growth and behavior even though for the entire period 
of the experiment the total duration of illumination was the same. 
The 9-hour alternation somewhat ddayed flowming, greatly reduced 
the yidd of beans, inturoased the size of the leaves, as well as the height 
of the plaflts, and decreased the dry weight. It would appear that the 
diorter altemationB of the 18-hour cycle tended to dday and reduce 
flowering, to that extent bdng less favorable to reproductive expres- 
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sion Thus it would seem that this alternation and cycle tend toward 
an intensification of the long-day influence 
In cabinets 3, 4, and 5, with light periods of 4)^| 6, and 7% hours, 
respectively, m an 18-houi cycle coirespondmg to wort days of 6, 8, 
and 10 hours in the 24-hour cycle of natural day, fiowenng was induced 
as it is when Peking soybean experiences corresponding lengths of 
day ni these same ratios in the longc^r natural cycle 
When these ratios were leversed, as in cabinets 6, 7, and 8, so that 
the light periods were lOM, 12, and IZYz hours, corresponding to 14, 
16, and 18 hours of the natural 24-hour cycle, flowering was mhibited 
lor the entire course of the experiment Tnese plants consistently 
mcreased in height, dry weight, and size of leaf, as the proportion of 
hght was increased 

It IS interesting to note that the leaves grew vciy thick and heavy 
in the two cabinets (1 and 2) that received equal ratios of light and 
darkness, i e , 12-houi and 9-hour alternations lespectively, and that 



J K URF I —Peking 8o>bean (Soja max) groifvii undii artificial light, with \arioub 

ratios of light and darkness in c> cles of 18 and 24 liourh Seed sown Jbcbruar> 

19, 1935 tests begun i<cbriiarv 23, at germination Plants photographed April 

23, when tests ended Numbers on pots correspond to designations of test 

cabinets 

1,12 houis light 12 hours dark Puds Mairli 13 flowered Marih 18 at 11 inches 

2, 9 hours light 9 hours dark Buds March 18, flowered March 22 at 17 mthc s 

3, 4^2 hours light 13}2 hours dark Buds Match 12 flowered March 16 at 6 
inches 

4, 6 hours light 12 hours dark Buds March 12 flowered March 16 at 7 inches 

5, 7^., hours light 10*. hours dark Buds March 12 flowered Match 15 at S 
inches 

6,10* hours light 7}. hours dark Nt\ci budded height when photographed, 
72 Indies 

7, 12 hours light, 6 hours dark Never budd(*d, height when photographed, 77 
inches 

8, 13*2 hours light, 4*. houis dark Nevet budded height when photographed, 
85 inches. 


the foliage developed the same degiee of gieenness In cabinets 3, 4. 
luid 5, receivmg increasing proportions of light, namely 4h, 6, ana 
7)i hours, respectively, Uie leaves developed mtieasingly daiker 
gieenness and the dimc^isioiis of tli(‘ leaves weie likewise augmented 
With respect to the nutrition ot the plants and the production of 
diy matter, it is obvious that inciease m tli<‘ hours of hght, regardless 
of the ratio of hght to daiknoss, resulted in impioved mowth. The 
time of flowering, on the other hand, was inoi e affcctc'd by the ratio 
of light to darkness and the length of the c>clc (fig 1) 



Table 1. —Flowering dates, heights, green and dry weights, and other data for Peking soybean grown in an lS~hour cyde 
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If ihe effects of equal alternations of light and darkness in a 24- 
hour (^de are compared with those in a 36-hour cycle (tabic 2), it 
be noted that alteinations of 18 hours of li^t and darkness in¬ 
hibited flowering for the duration of the experiment. These plants 
continued to grow, reaching a height of 5] mches as compared with 
19 indies for the plants receiving the 12-hour alternations, and were 
not as dark green as the latter. The dry weight of tops and roots of 
the plants in cabinet 4 somewhat exceeded the dry weight of those in 
cabinet 8. 

In cabinets 1,2, and 3, where light intervals were 9,12, and 15 hours, 
respectivdy, in the ratios to darkness of 1:3, 1:2 and 1:1.4, corre¬ 
sponding to diort days of 6,8, and 10 hours on the basis of the natural 
24-hour cycle, all the plants flowered, but with increasing delay as 
cianpared wi^ the control plants receiving 12-hour alternations of 
light and darkness. With an increase in the ratio of light to darkness 
from 1:2 to 1:1.4 (cabinets 2 and 3), tlie period from germination 
to flowering increased from 34 to r>6 days. This was attended by a 
marked increase in height, diy weight of plants, and size of leavra. 
This finding is of considerable interest, since these light durations 
correspond to very short days for the natural 24-hour cycle, i. e , days 
of 8 and 10 hours, both of which in this cycle caust* earliest floweriiig 
in the Peking soybean and many other short-day plants. It would 
appear that with 15 hours of light in the 36-hour cycle the plants 
tend toward vegetative expression with retardation of flowering and 
consequent increase in tlie purely vegetative functions. 

With tlio increase in the diiratmn of the light intervals in the cycle 
of 36 hours, namely, 9, 12, 15, and 18 hours, respectively (cabinets 
1 to 4), in ratios of 1:3, 1:2, 1:1.4, and 1:1, tliere was a gradual 
intensifying of tlie leaf green. 

The plants in cabinets 5, 6, and 7 bi>came more stm'ky and a darker 
green with increase in light intervals (21,24, and 27 hours) in the same 
cycle of 36 hours, the intervals of light being longer than those of 
darkness and corresponding respectively to day lengths of 14, 16, and 
18 hours in the 24-hour cycle. This is a natural consequence of 
bett<‘r nutrition afforded by the increased amounts of light in tlie 
cycle. _ 

As in table 1, the data in table 2, dealing with a single lycle of 36 
hours, indicate that with increase in the hours of light there usually 
was an increase in dry matter produced, but as in the previous test, the 
time of flowering was more affected by tlie ratio of light to darkness 
(fig; 2). 

The data presented in table 3 show certain interestii^ relations. 
In cabinets 1, 6, and 8, each experiencing equal alternations of light 
and darkness but involving cycles of 28 hours, 14 hours, and the 
natural cycle of 24 hours, respectively, alternations of 7 hours of light 
and darkness^ failed to cause flowering, alternations of 14 hours 
caused flowering in 33 days, and alternations of 12 hours caused 
flowering in 20 days. 

At the close of the experiment the plants experiencing 14-hour 
alternations of light and dfarkness had reached a height of 50 inches; 
those experiencing 7-hour and 12-hour alternations liad reachinl a 
height of 70 inches and 21 inches respectively. Of tl^ese tliree altenia- 
tions, the 12-hour alternation produced the greatest amount of dry 
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matter; the 14-hour altemation, somewhat less; and the 7-hour 
alteniation, still less. 

A peculiar feature of the development of greenness of the foliage 
was shown in response to the 14-hour alternation.. At first tlio plants 
were decidedly yellowish green, but this was overcome gradually 
until finally the plants became dark ^een, apparently owing to somc^ 
readjustment of the chlorophyll mechanism to these light periods, a 
behavior at present not understood. With the 12-hour alternation, 
the foliage developed a normal dark greenness from the outset, while 
the 7-hour alternation produced at all times a lighter green. 

It would appear that the plants grown under the 7-hour alternation 
tended rather strongly toward vegetative development, with sup¬ 
pression of flowering and fruiting. Then' was a marked increase in 



Kkiuke 2.—Peking Buybean max) grown under artificial light, with various 

ratiob of light and darkiiChH, in cycles of 24 and 36 hours. Seed sown December 
14, 1934; tests begun December 18, at germination Plants photographed 
February 18, 193f5, wlieii tests ended. Numbers on jiots corrcbpond to desig¬ 
nations of test cabinetb. 

1, 9 hours light; 27 hours dark. Buds January 15; flowered January 18 at 
9 inches. 

2, 12 hours light; 24 hours dark. Buds January 18; flowered January 21 at 
11 inches. 

3 15 hours light; 21 hours dark. Buds February 8; flowered February 12 at 
29 inches. 

Never budded 


4,18 hours light; 18 hours dark. 

51 inches. 

5, 21 hours light; 15 hours dark. Never budded. 
48 inches. 

6, 24 hours light; 12 hours dark. Never budded. 
62 inches. 

7, 27 hours light; 9 hours dark. Ne\er budded. 
72 inches. 


Height when photographed, 
Height when photographed, 
Height when photographed. 
Height when photographed, 


8, 12 hours light; 12 hours dark. Buds January 8; flowered .lanuary 10 at 
11>^ inches. 


height by continuance of growth although the dimensions of the 
leaves showed only slight differences. 

As in Uie previous tests, there was an increase in dry matter as the 
hours of light in tlie 28-hour cycle increased from 7 to 9K, llX, 14,16}i, 
and 21 hours respectively, but time of flowering, was more affected by 
the particular ratios of light and darkness and also by the length of 
the cycle (flg. 3). 


Table 3 .—Flowering daiee^ heighte, green and dry weights, and other data for Peking soybean grown in cycles of 14$ ^4$ and $8 hours > 
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By referiing to the equal ratios of light and darkness in table 4, 
showing alternations of 8 hours, 16 hours, and 12 hours in cycles of x6, 
32. and Uie natural day of 24 hours respectively, it will be seen that 
only the plants receiving 12-hour intervals of light flowered. 

The fdtemations of 8 and 16 hours, on either side of the 12-hour 
alternations, induced a purely vegetative expression, the taller plants 
being produced by the 8-hour alternation. With respect to dry 
material produced, tliere was little difference, and the foliage colora¬ 
tion exhibited about the same shade of greenness, which was lighter 
than in the 12-hour plants. 

In cabinets-2, 3, and 4, receiving 8, lOJi, and 13)i hours of 
light in relation to darkness in the ratios of 1:3, 1:2, and 1:1.4, 



Fkutre 3. Poking boyboun {Soja max) grown under artificial light, with various 
ratios of light and darkness, in eyries of 14, 24, and 28 hours. Seed sown 
January 4, 1936; tests begun January 8, at germination. Plants photographed 
March 10, when tests ended. Numbers on pots correspond to designations of 
test cabinets. 


1, 14 hours light; 14 hours dark. Buds February 8, flowered February 10 at 
23 inches. Height when photographed, 50 inches. 

2, 7 hours light; 21 hours dark. Buds January 28; flowrered February 4 at 8 
inches. Height when photographed, 14 inches. 

3, 9Ja hours light; 18^8hours dark. Buds Januar> 28; flowered February 3 at 

10 inches. Height when photographed, 16^ inches. 

4, lljj hours light; lOjJ hours dark. Buds January 28; flowered Februar> 3 at 

11 inches. Height when photographed, 23 inches. 

5,16*8 hours light; 11hours dark. Nev€»r budded. Height when photographed, 
54 inches. 

6, 7 hours light; 7 hours dark. Never budded. Height when photographed, 
70 inches. 

7, 21 hours light; 7 hours dark. Never budded. Height w^hen photographed, 
75 inches. 

8, 12 hours light; 12 hours dark. Buds January 24; flowered January 28 at 9 
inches. Height when photographed, 21 inches. 


respectively, in the light-darkness cycle of 32 hours, all the plants 
flowered, but the flowering was delayed as the ratio of light to darkness 
increased or approached equality. This delay in flowering was ac¬ 
companied by a consistent increase in height, in the amount of dry 


Table 4. —Flowering daJUe^ hetghie, green and dry weights, and other data for Peking soybean grown in cycles of 16 and 32 hours 
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material produced, and in the size of the leaflets. There was naturally 
an increase in the greenness of the foliage with increase in the amount 
of light. Plants in cabinet 2, receiving only 8 hours of light in the 
cycle of 32 hours, were the palest green and the most etiolated in the 
series. Such behavior is normal, since in the natural cycle of 24 hours 
this corresponds to only 6 hours of light each day, an interval of 
illumination tliat fails to give vigorous plants. 

With' 13H houi-s of light and 1 S% hours of darkness, the ratio 
being 1:1.4, coiTesponding to a 10-hour day of the natural 24-hour 
cycle, flowering was (Considerably delayc^d. This d(‘lay in flowering 
suggests a Irenci toward ])urely vegetative ('xpn'ssion, a tr(»nd which is 



I louRE 4 —Peking soybean (Soja viax) grown under artificial light, with various 

ratios of light and darkness, m c\cles of 10 , 24, and 32 hours. Seed sown 

Marcli 20, 1936, tests begun Maich 24, at gennmatior Plants photographed 

Mav 11, when tests ended Numbers on pots correspond to designations of 

lest cabinets 

1 , 10 hours light, 16 hours dark Nc\ci budded. Height when ])hotograplied, 
46 UK lies 

2, 8 hours light, 24 hours dark. Buds April 20, flowered April 23 at 9 inches 

3, 10% hours light, 2l}a hours dark. Buds April 20, flowered April 27 at 
17 inches 

4, I3’'t hours liglit, I 8 J 3 hours dark. Buds May 2, flowered May 8 at 3b 
inches 

0 , 8 hours light, 8 hours dark Never budded Height when photographed, 
66 lur lies 

7, 24 hoiiis light, S hours dark. Ne>er budded Height when photographed, 
56 inches 

8 , 12 hours light 12 hours dark. Buds April 9, flowered April 13 at 16 iuclicb. 

further indicated by the great increase in height and amount of dry 
material produced. 

There was no flowering in cabinet 7, wliere the light interval ('xeeeded 
that of darkness in the ratio of 3:1, namely, 24 hours of light to 
8 hours of darkness. This corresponds to an 18-hour day in the 
natural 24-hour cycle. With tliis increase in light, the largest ^eld of 
dry matter in the series was produced and tlxe foliage (leveloped a 
dark-green color. 

As m all tlie previous tests with the P(*king soybean, increase in tlie 
hours of light resulted in increased dry weight for the cycle of 32 hours. 
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Time of flowering was modifled more by the ratio of light to darkness 

rde itself (fi 


l?rrir3TiTi?jwoi 


HARD IVDERATION SFRINO WHEAT 

Table 5 shows the responses of the Hard Federation variety of spring 
wheat to the various li^t periods in cycles of 16 and 32 hours, as 
compared with the natural cycle of 24 hours. Referring to the equal 
alternations of 16, 8, and 12 hours of light and darkness in cabinets 
1, 6, and 8, respectively, it will be seen that, althou^ flowering was 
induced in all, the 8-hour alternations in the 16-hour cycle induced 
earliest flowering. Diy weights of the plants were not ootained, but 
the green wei^ts wen* veiy different, the 16-hour alternations of tlie 
32-hour CTOle and the 12-hour alternations of the natural 24-hour 
cycle producing approximately the same peen weight of material, 
both greatly in excess of that produced undiBr the 8-hour dtemations 
of the 16-hour cycle. These are differences of genuine significance, tlie 
cause of wUch is not as yet understood. 

It is interestiim to note that onl^ two conditions in the 32-hour 
cycle failed to induce flowering in this wheat, namely, 8 hours of light 
and 24 hours of darkness, corresponding to a very sliort day of 6 hours 
of light in the natural 24-hour cycle, and 10^ hours of light and 2l]i 
hours of darkness, corresponding to 8 hours of light and 16 hours of 
darkness in the 24-liour cycle, also a relatively short day in this 
natural cyde. 

Where the ratio was increased to 13M lioure of light and 18^ hours 
of darkiu'ss, corresponding to 10 hours of daylight in the natural cycle 
of 24 hours, flowering was induced in one plant only, wliich productKl 
a single head. This, then, may also be regarded as a sliorl day un¬ 
favorable to flowering. 

Flowering was induced readily when the period of light excetded 
the period of darkness in a 32-hour cycle, as in cabinet 6, which 
received 18K hours of light and 13K hours of darkness, corresponding 
to a 14-hour day in the natural cyde of 24 hours, and in cabinet 7, 
which received 24 hours of light ana 8 hours of darkness, eorresponding 
to an 18-hour day in the natural 24-hour cycle. The green weight ol 
plants was much greater in cabinet 5 than in cabinet 7, however. 

A very striking feature of the behavior of the plants in cabinet 7, 
with the light-darkness ratio 3:1, corn'sponding to a high-latitude 
length of day in the natural 24-hour cycle, was the very early flowering, 
rapid growth, and quick maturity of the plants (fig. 5). 
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RUDBECKIA BICOLOR 

With respect to the data presented in table 6, it may be stated that 
Rudbeckia Ucolor was selected as a long-day type of plant. While it 
is true that this species flowers more readily when afforded relatively 
long days in the natural cycle of 24 hours, the plants showed con¬ 
siderable variability in their behavior, perhaps owmg to the fact that 
selection for this character has not been rigidly fbllowed and the 
species genetically may be rather impure witli respect to length-of-day 
responses. However, the results with this plant have been striking 
and very interesting, ^though the plants of each cabinet received the 
same total duration of light for tlie experiment, the various alternations 
showed widely different effects, more especially with respect to char- 



Fiourk 5.—Spring wheat (TriUcum wMivum^^ Hard Federation variety, grown 

under artificial light, with variouH ratios of light and darkucbs, in cycles of IH, 

24, and 32 hours. Seed sown Dccciplier 8, 1936; tests begun December 14. ab 

gennination. Plants photographed February 24, 1937 Tests ended February 

25. Numbers on pots correspond to designations of test cabinets. 

I, 16 hours light; 16 hours dark. Heading February 5; pollen appearing Febru¬ 
ary 9 at 40 inches. 

J, 8 hours light; 24 hours dark. No heading when tcbt ended. 

3, 10^ hours light; 21H hours dark. No heading when tost ended. 

4, 13J4 hours light: 1834 hours dark. Heading February 23; pollen appearing 
February 25 at 34 inches. 

5, 183i hours light; 13^ hours dark. Heading January 25; pollen appearing 
January 29 at 43 inches. 

6, 8 hours light; 8 hours dark. Heading January 25; pollen appearing January 
27 at 34 inches. 

7, 24 hours light; 8 hours dark. Heading January 8; pollen appearing January 
13 at 34 inches. 

8, 12 houA light; 12 hours dark. Heading February 1; pollen appearing 
February 3 at 36 inches. 

acter of growtli, stem elongation, floriferous tendencies, and size of 
heads. 

The plants experiencing li^t and darkness in 12-hour alternations, 
a relatively short day for the natural 24-hour cycle, had produced very 
little stem p;rowth with no flowers when the experiment was tc»rmi- 
nated. -This behavior is normal for this plant, but there is reason to 
believe tliat flowering ultimately would have occurred, though after 
great delay. * 
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Tablb 6. —Data on flovoering and growth of Budbeekia bieolor plants grown under 
equal dUematione if ligM and darJmeee, in 8 eydee ranging from 10 to 88 hours > 


Cabinet 

No. 

LenRth 

of 

csyde 

Light 

penod 

Dark 

period 

Heading 

First 

open 

flowers 

Height 

at 

flower¬ 

ing 

Notes4)n flowering and growth 


Ilourt 

Ilourt 

Ilourt 



Jnche* 


1. 

10 

5 

6 

Mar. 20 

Apr. 6 

26 

plants very floriferous; heads very 
laiTO, the largest 3 Inches in diameter. 
All plants produced stems and 
flowered; stems much more slender 
than in 2 and much loss branched. 

2 . 

10 

8 

8 

Mar. 23 

Apr 14 

21 

Plants very floriferous; flowers gener¬ 
ally much larger than in 1, ranging 
from 3 to 4 inches In diameter; stems 
and leaves larger, coarser, and in- 
volucral bracts larger. All plants 
produced stems and flowered. 

3 - . 

24 

12 

12 

None 

None 

12 

Very little stem development. Only 
2 plants produced stems; the rest 
remained rosettes. 

4 

26 

13 

13 

Mar. 20 

Apr. 2b 

14 

Rtocky plants, only 2 flowering; largest 
head 3.75 inches in diameter. All 
plants product stems. 

5 

28 

14 

14 

Apr. 8 

May 3 

14 

Very vigorous growth; few flowers; 
largest head 3.76 inches in diametiv. 
All plants produced sti^ms 

fi 

30 

16 

16 

Apr. 3 

Apr. 30 

12 

Very stocky plants, but few heads; 
largest head 3.75 inches in diameter. 
.1 plapts produced stems, the rest 
remaining rosettes. 

7 

32 

10 

16 

Apr. 8 

May 3 

18 

Very vigorous, leafy plants; sparse 
flowering. Largest head, 3 inches in 
diameter. Only 2 plants produivd 
stems, the rest remaining rosettes. 

Flowering sparse; largest head, 4 
inches in diameter. 4 iilants with 
titem4, the rest retnaming msettes 

H 

36 

18 

IH 

Mnr 29 

Apr 27 

17 


I Hevd sown Jan. 8,1937; R(*rniination Jan. 22; plants remalnwl in warm gn*i>nhoiiM> until tests iH'gan Mar. 
2. being then only small rosc'ttes; 8 plants In cai'h pot, spaoi'd 2 inches from the pcripher>. Expuriment 
(]iscontmu(Ml Apr. 30. 


Plants rccoiving the 5-hour and the H-hoiur alternations flowered 
most quickly and most uniTormly, since oO produced stems and heads, 
lloth alternations produced tc^ floriferous plants and very large 
heads. There was a striking diuerence in thm* two lots of plante, 
however, those receiving the 5-hour alternations produemg much 
sleqdcrer and h'ss brauche<l stems tlian those receiving the 8-hour 
nlteniations. The stems of the latter were much larger and boro 
bigger and coarser leaves. Larger flower heads were also produced, 
having exceptionally big, coarse involucrol bracts. In the case of 
these two equal alternations involving cycles much shorter tlian the 
natural 24-hour cycle, it was evident that plaiits receiving the 8-hour 
alternation had much greater vegetative vigor as well M greater 
reproductive vigor than those receiving the 5-nour alternation. 

Plants rec-eiviig (‘qual alternations in excras of the 12-hour altenja- 
tion in cabinet 3, namely 13-, 14-, 15-, 16-, and 18-hour alternations, 
sliowed a striking tendency toward delayed stem growth and florifer¬ 
ous expression, growing very sto(!ky, developing a dark-green color, 
and producing few but large heads. Many of the plants showed no 
stem dongation or only slight elongation at Uie close of the experiment. 

The most striking mature of this tost was the fact tliat the growth 
behavior of the plants was greatly modified by certmn alU'mations of 
light and darkness (fig. 6). 
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ZINNIA ANGUBTIFOLIA 

Table 7 shows data on the behavior of Zinnia anmatifolia, a typical 
indeterminate typo of plant, in tests involving equal ratios of light and 
darkness of 1, 2, 12, 24, 30, and 36 hours, respectively, and con¬ 
tinuous illumination. The largest, darkest green, and earliest flower¬ 
ing plants were produced with continuous illumination, the plants 
flowering nearly 2 weeks earlier than where very short alternations of 
light and darkness (K hour) were used (fig. 7). 

There was a trend toward increase in dry material as the e(][ual 
alternations were increased in length in cabinets 1 to 4, inclusive, 
involving 1-, 2- and 12-liour alternations respectively, but the 
weights wen* far below that produced by (*ontiniious illumination. 



FiQtTRXi 6 .—Hudbeckui bicolor grown under artificial light, with cijual ratiob of 
* light and darknoss, in cycles of 10, 16, 24, 26, 28, 30, 32, and 36 hours. Seed 

sown January 8, 1937; germination January 22; tests begun March 2. Plants 

photographed April 30, when tests ended. Numbers on pots corrt'spond to 

designations of test cabinets. 

], 5 hours light; 5 hours dark. Heading March 20; florets open April 6 at 
26 inches. 

2, 8 hours light; 8 hours dark. Heading March 23; florets open April 14 at 
21 inches. 

3, 12 hours light; 12 hours dark. No heading; stems just developing April 30, 
at end of test. 

4, 13 hours light; 13 hours dark. Heading March 26; florets o])en April 28 
at 14 inches. 

5, 14 hours light; 14 hours dark. Heading April 8; florets open May 3 at 14 
inches, after end of test. 

6, 15 hours light; 15 hours dark. Heading April 3; florets open April 30 at 12 
inches. 

7, 16 hours light; 16 hours dark. Heading April 8; florets open May 3 at 
18 inches, after end of test. 

8, 18 hours light; 18 hours dark. Heading March 29; florets open April 27 
at 17 inches. 

With higher alternations, namely, 24, 30, aniJ 36 hours, there was 
a tendency toward reduction in the dry matter produced. Alter¬ 
nations of 36 hours pitiduced the smallest plants in the experiment, 
but with respect to gr6enn(*s8 these wen* fairly dark, being scarcely 
lighter than the plants grown in cabinet 7 and very much darker 
than the light-green plants grown with )i-hour alternations (cabinet 1). 

Strangely enough, plants receiving 24-hour alternations were nearly 
as yellowi^ green as thb plants in cabinet 1, and the longer alterna¬ 
tions (30 houm) produced much darker green plants. 

The plants in cabinets la to 8a, inclusive, considerii^ fii-st the equal 
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alternations, sliowed a behavior similar to that of plants in the pn*- 
cediu|i; experiment, those receiving K-hour alternations of light and 
darkness having the lightest green foliage, with a gradual intensifica¬ 
tion of color as the light pc^riods increased until co 4 tinuous illumina¬ 
tion was reached in cabinet 5a. The last-named test gave the darkest 
green plants in the experiment and the largest amount of dry material. 

In cabinets 6a and 7a, receiving light and darkness in the ratio of 
3:1, in cycles of 36 hours and 24 hours respectively, the time of 
flowering and greenness of foliage were approximately the same, but 
the dry matter produced was somewhat less in the case of the 36-hour 
cycle. With the light-darkness ratios reversed to 1:3, as in cabinet 
8a, equivalent to a very short day, the plants w(»re so badly etiolated 
that they were unable to flower (fig. 8). 

The data presented in table 8 show the behavior of Zinnia angnsti- 
folia \i\ resjionse to equal alternations of light and darkness in cycles 
raiding from 10 to 36 hours. 

Tlie smallest yields of dry matter appear to have been produced 
with the longest alternations of light and darkness, namely, in cabinets 



Fiottre 7. Zinnia angmiifolia grown under artificial light, with equal ratios of 
light and darkness, in cycles of 1,2, 4, 24, 48, 60, and 72 hours and with con¬ 
tinuous light. Seed bown January 10, 1939; gcrniiuation January 13. Plants 
])hotographed March 1, when tests ended Numbers on pots correspond to 
designations of test cabinets. 

1, Vi hour light; Vi hour dark. Heading February 11; florets open February 
23 at 17 inches. 

2, 1 hour light; 1 hour dark. Heading February 9; florets open February 20 
at 17 inches. 

3, 2 hours light; 2 hours dark Heading February 6; florets open February 20 
at 17)4 inches. 

4, 12 hours light; 12 hours dark. Heading February 2; florets open February 
13 at 13 inches. 

5, Continuous light. Heading January 30, florets open February 9 at 10 inches. 

6, 24 hours light; 24 hours dark. Heading February 10; florets open February 
23 at 15 inches. 

7, 30 hours light; 30 hours dark. Heading February 6; florets open February 
25 at 16 inches. 

8, 36 hours light; 36 hours dark. Heading February 11; florets open February 
27 at 14 inches. 

7 and 8, witli alU'mations of 16 and 18 hours, respootively. Alterna¬ 
tions of 5 hours of light and darkness in the short cycle of 10 hours 
produced but little more dry material. The intermediate cycles 
produced somewhat higher weights of diy material, but did not 
show particular]^ wide variations among themselves. 

The dates of ffowering in all instances were remarkably close (fig. 9). 

414410-41— 2 
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Fiourb 8. —Zinnia anguptijolia grown undrr artificial liglit, with various ratios 
of light and darkness, in cycles of 1,2, 4,24, and 36 hours, and with continuous 
light. Seed sown February 1, 1938; tests begun February 4, at germination. 
Plants photographed March 9, when tests ended. Numbers on pots correspond 
to designations of test cabinets. 

1, h hour light; M hour dark. Heads appearing March 2; florets never opened; 
height, 3^ inches when photographed. 

2, 1 hour light; 1 hour dark Heads appearing February 28; florets never 
opened; height, 4 inches when photographed. 

3, 2 hours light; 2 hours dark. Heads appearing February 25 at 4H inches. 

4, 12 hours light; 12 hours dark. Heads ap])earing February 21 at 5 inclies. 

5, continuous light. Heads appearing February 21 at 5 inches. 

6, 27 hours light; 9 hours dark. Heads appearing February 23 at 5 inches 

7, 18 hours light; 6 hours dark. Heads appearing February 23 at 5 inches 

8, 6 hours light; 18 hours dark. Never headed; sickly, nearly died; height 
SVi inches wlien ))hotographcd. 



Fiottrk 9.- Zinnia angusfifolia grown under artificial light, with equal ratios of 
light and darknebs, in cycles of 10, 16, 24, 26, 28, 30, 32, and 36 hours. Seed 
sown December 6, 1937; tests liegun December 10. at germination. Plants 
photographed January 24. when testh ended. Numbers on pots correspond 
to designations of test cabinets. 

Heading December 31; florets open January 


1, 5 hours light; 5 liours dark 
15 at 17 inches. 

2, 8 hours light; 8 hours dark. 

13 at 17 inches. 

3, 12 hours liglit; 12 hours dark. 
11 at 18 inches. 

4, 13 hours light; 13 hours dark. 

14 at 17 inches. 

5, 14 hours light; 14 hours dark 

11 at 14)4 inches. 

6, 15 hours light; 15 hours dark. 

12 at 15 inches. 

7, 16 hours light; 16 hours dark. 

13 at 16 inches. 

8, 18 hours light; 18 hours dark. 

15 at 14 inches 


Heading December 29; florets open January 
Heading December 29; florets o))en January 
Heading December 31; florets open January 
Heading December 31; florets open January 
Heading December 29; florets open January 
Heading Deccinlier 31; florets open January 
Heading Decemlicr 31; florets open Januarv 
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DUX 

Thp dala prosouted in table 9 show the behavior of dill, which is a 

S lant of long-day habit, as is clearly indicated where the plants have 
een given a relatively ^ort day of 12 hours in the natural cycle of 
24 hours (cabinet 4). It will bo seen that these plants were consider¬ 
ably delayed in time of flowering, and the character of growth was 
inclined toward a condition of vegetativeness with respect to total 
dry matter produced, density of foliage, and low-branching habit. 

Continuous light appreciably hastened flowering, whidb was fol¬ 
lowed by rapid maturity. The plants were relatively slender but very 
productive of seed, indicating a condition favorable to high sexuu 
exmession rather than to purely vegetative growth. 

The plants grown in cabinet 1, with ^hour alternations of light and 
darkness, in the veiy short cycle of 1 hour, wore amo^ the poorest 
in tlie experiment with respect to yield of dry matter. They wore the 
li^j^itest ^een of all the plants in this test but were apparently vigorous. 

Wlien the equal alternations of light and darkness were increased to 
1 hour and to 2 hours, there was an increase in dry matter produced, 
together with more or less incn'aae in height and an intensified degree 
of greenness of th<‘ ])lanls, but the datro of flowering were identical 
with that in cabmet 1. 

With the longer light-and-darkiiess alternations of 24 and 30 houra 
(cabinets 6 and 7), in cycles of 48 and 60 hours respectively, the time 
of flowering was delayed but the amount of dry matter was in<'rea8P4l, 
as was also the height of tlie plants. Both conditions produced rather 
slender, dark-green plants, but in the case of the 30-hour alternation 
there was a marked increase in hei^it of plants and dry matter pit)- 
(luced. Thes(> results indicate that conditions in both cabinets 6 and 
7 tend(*d to be favorable to vegetative expression rather than to sexual 
reproduciion, the latter condition being favored very obviously by 
coiitimious illumination. In other wonls tlu'sc plants W(‘re growing 
und(‘r conditions more comparable to those of plants receiving 12-hour 
alternations in the natural-day cycle of 24 liours than to those of 
plants receiving the short alternations of *2 hour, 1 hour, and 2 hours, 
m cabinets 1, 2, and 3. 

Altenialions of 36 hours of light and darkness (cabinet 8) were 
very distinctly unfavorable to the plants, although throe finally 
developed a nearly noi-mal green color. The striking feature of tlie 
effects of this altenuition on the plants was the extremely si(|kly 
condition shown persistently for many wi'eks after germination, 
during which period the plants made almost no growth, remaining 
very yellow and etiolated, and a number finally dying. As tiirn* went 
on, a very gradual n'adjustment of the chlorophyll mechanism ap¬ 
peared to take place, with greening of the plants and renewal of growth 
until they were a fairly nonnal green at the conclusion of the experi¬ 
ment. Strong main stems, even at this time, were lacking, and the 
plants wen* verv short. Only one plant ha<l budded, and flowering 
probably would have taken place at some veiy much later <late. 
The plfuits at the conclusion of the expenraent appeared to be directed 
more to the vegetative than to the reproductive state (fig. 10). 
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FkiIJKL 10 Dill {Anethum gjnveolens) grown under artificial light, with equal 
ratios of light and darkness, in cycles of 1, 2, 4, 24, 48, 60, and 72 hours, and 
with continuous light Seed sown January r>, 1940; tests begun January 10, 
at gemiiuation Plants photograpliM March 6 Nuniliers on pots correspond 
to designations of test cabinets 

1, Light ^2 hour, daik Yi hour. Buds Februarj 9; fiist bloom Februai\ 17 at 
18 inches. 

2, Light 1 hour; dark 1 houi Buds Febiuary 9; first bloom Februarv 17 at 
23 inches 

3, Light 2 hours; dark 2 hours Buds Februarv 9; fust bloom Febniaiy 17 at 
26 inches 

4, Light 12 hours; daik 12 hours Buds Maich 4; first bloom March 18 at 60 
inches 

5, Continuous light Buds Febiuarv 1; fiist bloom Febriiar> 8 at 25 inches 

6, Light 24 houis; daik 24 houis Buds Februan 23; first bloom March 11 at 

44 inches 

7, Light 30 hours; dark 30 hours Buds rebiuar> 26; first bloom Maich 11 at 

45 inches 

8, Light 36 houis; daik 3(i houis Buds March 18; no Ho^enng ^hen tests 
ended March 19 

CONCLUSIONS 

From an analysis of the preootliiig data i( is olivious that the same 
ratios of light and darkness aifordecl in different cycl(‘s, as compared 
with the uatiu'al-day eyele of 24 hours, have given veiy different 
results in plant behavior, depending upon the species of plant, its 
length-of-day requirements, and the absolute length of tho evclo 
itself. 

In certain tests the prodiicdon of dry matter, which is a measure 
of photosynthesis and growth, increased as tho light interval increased 
This is clearly shown with the Peking soybean, a sWt-day plant, 
where different ratios of light to darkness were employed in tiie same 
cycle, namely, the ratios 1:3,1:2,1:1.4,1 4.1,2:1, and3:1, thusincroas- 
ingthe light interval. These increasesin thelengthofthelightinterval 
gave an actual increase in the total %ht received during the course 
of the experiment, and witli more total-functioning light there may 
well be more growth. 

In the case of equal alternations of light and darkness, it is obvious 
that increase in the li^ht interval does not increase tho total amount 
of li^ht roedved during the course of the experiment. However, 
certain tests have shown an increase in the dry matter produced as 
the light interval was increased in cycles involving equal alternations 
of light and darkness. This would indicate complex growth relations 
involving the light interval itself in relation to the dark interval, 
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since ihe total light and the total darkness are the same for Ihe entire 
period of the test. In the case of Zinnia angwHjclia the dry weight 
mcreased as the equal altemationB increased up to 12 hours, as shown 
in the series involving alternations of 1, 2, and 12 hours. With 
alternations of U^t mtervals longer than 12 hours, however, i. e., 
in the series 24, 30, and 36 hours, there was a downward trend in 
weight of d^ material produced with increase in the length of the 
li^ht interval. These wei^ts fall bdow those produced with alterna¬ 
tions of 12 hours of light and darkness. 

A similar behavior was shown by dill, a plant of lon^-day roquirc- 
ments, the dry wei^t increasing as the equal alternations increased 
up to 12 hours, in cycles of 1, 2, 4, and 24 hours. As in the ease of 
zinnia angustifolia, with alternations in excess of 12 hours, that is 
for 24, 30, ami 36 hours, the wei^t of dry material a^n fell below 
that produced under the 12-hour alternation. The length of the 
cycle in this instance must somehow be concerned with growth as 
reflected in d^ weidits, in contrast to increases accompanying in¬ 
creased durations of light in a constant cyde. 

On a purely photosynthetic basis there would be no ri'ason to 
expect a longer mterval of light in a series of equal alternations of 
li^it and darkness to produce a px^^ter amount of dry material, other 
conditions being ecmal, for during the course of an experiment the 
summation of total light remains unchanged, yet the dry weight 
has changed as indicated. It would appear in these instances that 
a portion of the dark interval is also somehow regulative of or (‘ven 
inmbitory to growth and that beyond a certain length of interval 
this effect of the dark period dominates the situation, so that less 
dry matter is formwl or aerumulated after a certain alternation has 
been exceeded. 

It is interesting to note that while Zinnia anguslijolia pmduced 
by far the greatest amount of dry material with continuous illumina¬ 
tion, this was not true of dill. The latter produced somewhat loss 
dry matter with continuous illumination than ‘with 12-hour alterna¬ 
tions of li^t and darkness. 

While it cannot at present be explaineil why the various ratios of 
light and darkness produce their characteristic effects with respect 
to flowering and growth of the plants, one is forced to the concludon 
that the same ratios of light ami darkness in different cych^s may 
give a veiy different picture of plant behavior for each cyde and for 
each species, as to both growth and reproduction. It is apparent 
that not oidy the ratio itself is important but also the absolute cycle 
witliin which the ratio is operative for both functions. This is shown 
by the marked differences obtained with different cycles in time of 
flowering, yield of dry mati'rial, height of plants, branching, and other 
features of growth and specialization of the plant body. 

It is iingurationably true also that the fundamental physiology 
of the mi'chanism of metabolism and growth is sometimes affected 
adversely s(M>n after germination, and that this effect is followed 
sooner or later by more or less complete readjustment to the unusual 
conditions. This has more than once been shown by a marked etio¬ 
lation and sickliness of the plants at the outset, on certain equal 
alternations, with a gradual recovery and a return to fairly normal 
growth and greenness as time went on and more leafage was produced. 
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It would appear that perhaps an increase in leaf area is one of the 
factors concerned in this striking recovery. 

SUMMARY 

A studj has been made of the response's of some plants to various 
photopenods under artificial light alternating with darkness in var¬ 
ious ratios. Continuous illumination also was used. Light was fur- 
nishcHl by water-jacketed and water-c‘Ooled 110-volt, 1,000-watt 
incandescent bulbs equippcHl with reflector. One bulb was used in 
each cabinet, the intensity at 1 foot from the plants being about 
1,200 foot candles. 

Temperatures were maintained at approximately 77® F., with a 
ndative humiditv of about 60 percent, in all tc^sts. The pots rested 
on counterpoised balances, and distilled water was added to com¬ 
pensate for watcT loss each day. 

The ratios of light to darkuess used were 1:3, 1:2, 1:1.4, 1:1, 
1.4:1, 2:1, and 3:1. The standard adopted for control was 12 
hours of light alteniating with 12 hours of darkness, a ratio of 1 : 1 
in a cycle of 24 hours, which is the natural cycle in most latitude's of 
the earth. C'ydes as short as 1 hour and as loxig as 72 hours were 
used. 

The ])lauts studied were Peking soybean {Soja max (L.) Piper), 
Zinnia angnstifolia H. B.K., Hard Federation variety of spring wlu^at 
{Triticum aestimm L.), Rvdheckia bicolor Nutt., aiid dill {Andham 
(jramdens L.). On the basis of the natural 24-hour cycle, Peking 
8oyl)(»an is usually re'garded as a plant whose flowering is favored 
by short days; Zinnia angvdifoUa is obviously indetenninate, or 
day-neutral, in its flowering relations to h^ngth of day; spring wheat 
and Rydbeclcia bicolor are favored by long days with respect to flower¬ 
ing; and dill is likewise a long-day type of plant. 

The outstanding result of the experiments was that in most cases 
the same ratios of light and darkness did not give the same* Inhavior 
for any particular plant. 

In the case of l^ckiiig soybean, a shortrday plant, a 1:1 ratio of 
light and darkness produced nmdy flowering with 12-hour altcTna- 
tions. With 7- and 8-hour alternations flowering was inhibited; 
with 9- and 14-hour alternations flowwing was delayed; and with 
16- and 18-hour alternations, flowering was again inhibited. Increase 
in the interval of light afforded the plants in any given cycle resulted 
in increased growth and yield of dry matter. The time of flowering 
was depemhuit upon both the ratio of light to darkness and the 
leiigth of the cycle. 

The results secured with Zinnia angustifolia and dill, subjected to 
equal alternations of light and darkness in cycles ranging from 1 to 
72 hours, showed more or less obvious differences in flowering behavior 
and growth characteristics. In tlie case of the former, a strictly 
indeteiminate plant, time of flowering was less affected; but tlie 
character of growtli, tlie dry matter produced, and the greenness of 
the foliage were markedly different. Dill, a long-day plant, showed 
marked differences in time of flowering as well as in height, dry 
matter produced, branching habit, and shade of greenness. 

In addition to equal ratios of light and darkness, unequal ratios 
were also studied, including 1:3, 1:2, 1:1.4, and the reverse of 
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these, in different cycles. M produced characteristic effects, de¬ 
pending upon the species of plant, its length-of-day requirements, 
and the absdiute length of the <^e used. 

The results of the work herein reported indicate that increase in 
growth and the production of dry matter may be associated with 
increase of the light interval in two contrastine conditions. In the 
one the dry matter increased where the total light received during 
the course of the experiment was dso increased, as in the case of 
un(>qual ratios of light and darkness in the same cycle. In the other, 
the dry matter increased whore equal ratios of light and darkness 
were maintained in cycles increasing in length, that is, where the total 
amount of light remained the same during t£e course of the experiment. 




INHERITANCE OF SUSCEPTIBILITY TO INFECTION BY 
HELMINTHOSPORIUM MAYDIS RACE 1 IN MAIZE* 

By Abnold J. Ullstrup 

AgnU, Dtvuton of Ctreal Cropt and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

In an oarlier paper * Ildminthofiporium maydis Nisik. and Mke. 
was reported as occurring on dent com (Zea mays L.) in Indiana, 
Illinois, and Ohio. The fungus is known to attack susccpts at all 
stages of development. Two morphologically indistinguidiable races 
of the species were recognized on the basis of host specialization, 
symptoms produce<i, and relative virulence. It was proposed that 
H. maydis race 1 include the parasite which thus far has been limited 
in its parasitism to the one inbred line Pr. All other inbred lines and 
hybrids, including single crosses involving Pr, observed in the field 
or tested in the greenliouse proved to be highly rraistant to this 
race. This paper reports the residts obtained in a study of the 
inheritance of susceptibility to the disease caused by if. maydis 
race 1 . 

MATERIALS AND METHODS 

Plants of three single crosses involving Pr, namely, Pr X IJy, 
Pr X 38 11 , and Pr X TV, were grown in the field in 1939, and their 
ears were selfed or backcrossed with pollen of Pr, the susceptible 
parent, to obtain Fj and backcrossed seed respectively. F 2 s(‘ed 
produced in tlie greenhouse Uie previous winter from Fi plants of 
the same single crosses was planted in the field and self-pollinated 
to obtain Fs s(‘ed. 

Seed of Fj, backcrossed, and F 3 progenies was planted m flats in 
the graenhouse during the following winter. When tlie seedlings 
attainod the 3- to 4-leaf stage they were sprayed on two successive 
occasions with a spore suspension of tfelminthosporium maydis 
race 1 . After each application of inoculum to the plants the flats 
were placed in moist chambers for 15 to 17 hours. Preliminaiy 
trials indicati'd that this length of time in a moist chamber was 
suflicient to initiate infuction and did not cause wati^r soaking and 
subsequent necrosis of the tissues such as frequently occurs when 
com seedlings are held in a saturated atmosphere for an extended 
period. Seodlingb of Uie susceptible inbred line and seedlings of tlie 
resistant single crosses were placed in each moist chamber to serve 
as controls. 

Inocidum was prepared in the following maimer. A single ear of 
Pr known to be infected witli Helminthosporium maydis race 1 was 

1 Keoolv«d for iiublical ion Dooomber IK, 1940. Coopprative investintions of the Division of rental CropH 
and Diseases, Bureau of Plant Industry, IJ. B Denartment of Agriculture, and the Department of Botany, 
Purdue University Agricultural Experiment Btation 
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used as a stock culture. Prior to inocxilating a seedling mpulaiion 
a few kernels were removed from ibis ear, surface-eteruized, and 
plated on acidified potato-dextrose agar. When sufficient growth of 
the fungus was visible on the plates, transfers were made to several 



Figurs 1 .- y\, Pair of loavefi of a nusreptible aeRregatc nhowiiig typiral hymptoms; 
B, pair of leaver of a resistant segrcaate showinK minute flecks where penetra¬ 
tion has taken place, but progress of the parasite has been arrested. 

fresh plates of potato-dextrose agar. When the growth had covered 
the agar surface the spores were washed ofl! in water and the sus¬ 
pension was transferred to an atomizer and sprayed on the seedlings. 
The ear of Pr infected with the fungus was used as a stock culture 


8«pt. 16,1941 Inheritance of Disease Caused by H. Maydis Race 333 


in preference to a culture maintained on agar in order to avoid the 
possibility of inadvertent selection of nonpathogenic variants that 
frequently arise in artificial culture. Inoculum prepi^ed in this way 
has always given consistent results on segregating see^Hing populations. 

Symptoms developed rapidly, and 7 days after the last inoculation 
the seedlings were classified according to their reaction. Resistance 
and susceptibility are clear-cut (fig. 1), and no difficulty was experi¬ 
enced in determining the class to which a seedling belonged. 

RESULTS 

The data on the F 2 seedling segregations of the three original 
crosses are shown in table 1. Out of a total of 1,766 seedlings tested, 
1,825 were resistant and 441 were susceptible. The deviation from 
a theoretical 3:1 ratio is not significant. In tabic 2 the results of 
the test of seedlings of the backcrosses are given. A total of 1,746 
seedlings showed a segregation of ,882 resistant and 864 susceptible. 
The deviation from a 1:1 ratio is without significance. The seg^ation 
of Fa families is presented in tabic 3. In a total of 275 families tested, 
74 were resistant, 141 W('re segregating, and 60 were susceptible. 
The deviation in this case from a 1:2:1 ratio is not statistically sig¬ 
nificant and is attributable to sampling error. 


Table 1. Hegngation of remstanf and suBceptihle Beedlinga in the Ft populations 
from S cnmeR involving the inbred line Pr 

fI(M» Kernels planted of each Fi progeny] 


i'anMitagi* 

Krsistant 

Siisof*p- 

t.ble 

Deviation 
from a 

3 1 ratio 

Deviation 
Standard 
dev lation 

(/Y X38 11) 1 

78 

22 

i 00 

0 09 

(/Y X 38 11) 2 

81 

19 

0 00 

1 38 

(7Y X 3H-11) 3 

72 

28 

3 00 

69 

(iY X .<thll)-4 

80 

20 

5 INI 

1 16 

(fY X .«-ll)-6 

77 

?L 

3 50 

82 

(Pr X 38 11) 6 

09 

.10 

5 25 

1 22 

Total 

457 

140 

9 25 

87 

(Pr X m 1 

09" 

25 

I'm 

36 

(Pr X Hvh2 

72 

28 

3 00 j 

09 

(Pr X Hy)S 

U>r X W-4 
(iY X //y)-6 

71 

28 

3 25 

76 

74 

24 

.50 

12 

73 

27 

2 00 

46 

(iY X iiv)-6 

71 

27 

2 50 

68 

Total 

~ 430 

169 1 

1 11 75 

1 12 

(iY X 7V)-1 
(iY X 7V)-2 

75 

23 1 

1 ” 7 50 

35 

70 

20 1 

1 400 

94 

(Pr X Tr)’S 

72 

2ft 

1 50 

35 

(Pr X 7V)-4 

75 

20 

3 76 

.89 

(iY X 2V)-6 

70 

2ft 

2 00 

47 

(Pr X 7V)-6 

70 

27 

2 75 

• 64 

Total. 

”*438 

142 

3 00 

.29 

Orand total .. . 

1.325 

441 

60 

03 


The above results indicate that in the crosses studied resistance and 
susceptibility to Ilelminthosporium maydis race 1 are conditioned 1^ a 
single pair of genes. It is suggested that these genes be des^nated as 
Hm hm. In heterozygous individuals resistance is completely 
dominant. The inbred line Pr is the only known source of the 
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recesatve allelomoiph for susceptibilitjr. No crosses studied thus far 
indicate other than typical monogenic inheritance. 


Tabui 2. —Segregation of reeieUmt and eueeejaiUe etedhnge in the haekeroeeed 
progeniee from $ etngle eroeeee medbnng Pr 

[100 keroelf planted from each backcros^ ear] 



Table 3 -Stgregation of Fi famtlu s 
[25 kernelb planted of ear h family] 


an ntal cross 

Num 
ber of 
itifam 
Uits 
tested 

Observed seKreitation of 
faiDiliis 

Tbeoretital segregation 
on 1 21 basis 

X* 

Range 

OfP 

Homo- 

B^gOUS 

rosist 

ant 

1 

Segrr 

gating 

Homo 

BVgOUS 

suscep 

tiblc 

Homo 

Bygous 

risibt 

ant 

Segn 

grating 

i|-:g 

. . 18 11) 

83 

20 

4fi 

17 

20 75 

41 50 

20 75 

1 10 

0 60-0 70 

PrX 7r) 

60 

0 

29 

12 

12 50 

25 00 

12 50 

1 M 

30- 50 

PrX Tr) 

51 

17 

23 

13 

13 25 

26 50 

11 25 

I 51 

10- sO 

X Hv) 

80 

28 

43 

18 

22 25 

44 50 

22 25 

2 15 

30^ 50 

otal 


74 

141 

bO 

68 75 

137 50 

68 7^ 

1 bO 

10 50 


SUMMARY 

The dent com mbred Ime Pr is umque in its susceptibility to infec¬ 
tion by Helminihosporium maydis race 1. Ah other com inbred hues 
and hybrids, including single crosses involving Pr, tested m the 
greenhouse or observed m the field proved to be h^ily resistant. 

The susccptibihty of the mbred line Pr to mfection by II. maydis 
race 1 is inherited as a monogenic recessive. The pair of genes 
concerned have been designated as Urn hm. 






EFFECT OF STAGE OF MATURITY AT TIME OF HARVEST 
ON GERMINATION OF SWEET CORN ‘ 


By C. W. CuLPBPFBB, phytulogiat, and H. H. Moon, oinstoni ponuiogitt, Divi^ 

non of Fruit and Vegetable Crape and Dieeasee, Bureau <4 Plemt Induetry, 

United Statee Department of Agriculture * 

INTRODUCTION 

Several workers (/, 3)^ have_ shown that ^e quality of sweet 

com as a table product is greatly influenced by its stage of maturity 
when harvested. The stage for optimum quality is generally con- 
ffldered to be that at which the grain has reached one-half to three- 
fourths of its full maturity as judged by its dry-matter content. 

It has been shown by Straughn and Church (7) that there is little 
relationship between the sugar content of the grain at full maturity 
and the sugar content at the time when the table quality is maximum. 
It is thus obvious that it would bh advant^eous to make selections 
of desirable individual plants upon the basis of the characteristics of 
the grains at the edible stage rather tiian at full maturity. Such a 
procedure would be greatly facilitated if the ears could be harvested 
when in optimum condition for table use, a portion of each used for 
making &e necessary tests for quality, and the remainder preserved 
for planting. 

The question immediately arises as to how tlie premature harvesting 
of such material will affect its germinating power when subsequently 
used for s^. If the see<ls germinate, will the subsequent growth 
and behavior of the plants be affected adversely? If so, to what 
extent? How immature can sweet com be when harvested and yet 
posse^ ability to germinate and develop to maturity? How are 
viability and capacity for normal development related to composition 
and size of the developing; grain? Are there differences in varieties? 
If so, how may these differences be explained? While several of 
Uiesw questions have boon answered for field com and some other 
grains, no extensive study of the behavior of sweet com in particular 
has beeii made. 

Certain varieties, such as Golden Bantam and Stowell Evergreen, 
appear to mature at different rates. Is tliere any relation between 
rate of maturity and viability of immature grains? 

After the grain has reached its fuU development, what is the effect 
of delayed harvest on the viability under tlie field conditions that 
prevail in the warm^ humid parts of the o^tem Unite<l States? 

Information bearing upon these questions will be of particular 
value to the geneticist and the plant breeder. 

A number of workers have presented reports concerned witli Uie 
effect of stage of maturity upon the germination of the seeds of 
several grain crops. Robinson (J), using two varieties of field com, 
has made a rather comprdiensive study of the phyriological factors 

1 Received for pablication February 8* 1041. ,. _ 

> The authors are indebted to P. N. Shoemaker, formerly of the Division of Fruit and Vegetable Crops 
and Diseases, for advice and suggestions in making the fnimination tests. 

’ Italic numbers in parentheseh refer to Literature Cited, p. 8fi0. 
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affecting gennination. Sprague (6) has studied the effect of various 
factors on the dormancy, after-ripening, and gorniination of seed 
com when harvested at different degrees of maturity. These writers 
have given a rather complete bibhography of the work done with 
com and other grains, consequently no further review of the literature 
will be given here. Neither of these workers, however, dealt specifi¬ 
cally with sweet com; and it would be expected that, because of the 
u^kled and tender character of the seed, sweet com might behave 
differently from field com and othei* grains. 

MATERIAL AND METHODS 

The sweet com for the tests reported in tliis paper was grown at 
the Arlington Experiment Farm, Arlington, Va., on a sandy loam 
soil formed by dredging operations along the Potomac Biver. The 
plants generally made good growth and were characteristic of the 
remective varieties. 

In two seasons the ears for the tests were tagged when tlie silks first 
appeared, and the samples for the tests were harvested at prede¬ 
termined ages. The ears were pollinated naturally in two seasons, 
but in a third season the pollinations were made by hand in order to 
obtain an accurate record of the date of fertilization. Samples were 
generally taken at 1- or 2-day intervals from 5 to 25 days from date of 
silking. Beyond the 25-day stage the samples were taken at 5-day 
intervals. 

The ears were harvested about 9:30 a. m. and the husks removed. 
A portion of the ears was dried with the grains on the cob, and from 
the remainder the grains were removed from the cob by cutting just 
below the base of the grain with a sharp knife. In some of the work 
the grains from one-h^ of each ear wen* n*moved from the cob and 
the remainder dried without so removing. The material for the 
germination tests was then dried in a constant-temperature room at 
26" C. in a ciwrent of air from an electric fan. The length of tune 
required to bring the seed to an air-dry condition (moisture content 
10 to 12 percent) varied with the atmospheric humidity, tlie size of 
the grain, and the degree of maturity. Four to seven days were 
generally required to dry material cut from the cob, and 6 to 10 days 
to dry that on the cob. Varieties like Stowell Evergreen required 
longer than varieties like Golden Bantam. In some cases effort was 
made to vary the conditions so that ears of different sizes would 
dry in the same length of time. The humidity of the room was not 
measured, but the atmosphere was sufficiently dry to be imfavorable 
for the development of micro-organisms, and consequently the com 
remained free from any signs of decay or fermentation during or subse¬ 
quent to the drying process. 

Immediately after cutting from the cob, samples of tlie material 
were taken for chemical anuysis. 

After beiiq; dried, the samples were stored until the following 
January, at which time the germination tests were made. Materim 
for each germination tost was obtained from a lot of 5 to 10 ears by 
shelling 2 rows of grains from opposite sides of each ear and combining 
the grains obtained. From this material, duplicate samples of 100 
^ains each were drawn, care being exercised to include grains from 
tip and base of the ears as well as from the midme region. These 
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duplicate samples wore then planted in clean sand in the greenhouse 
The time at which the plants appeared above ground was noted, and 
at the end of 2 weeks the plants were removed from the sand and the 
ungerminated seeds examined for presence or abseirc(‘ of decay. 

In the first year the Golden Bantam and Stowell Evergn*en varieties 
were used, both being planted on the same date. The Golden Bantam 
cam(* into flower about 10 days earlier than the Stowell Evergreen, 
and there was a corresponding difference in the time of harvest. 
Harv(‘8ting of the Golden Bantam was continued at 1- to 5-day 
intervals until the series from both varieties was completed. 

In the second year several plantings were made at such dates that 
flowering in the two varieties occurred at the same time. The 
harvesting of the samples for each age was done on the same date for 
the two varieties, to eliminate differences in the climatic conditions 
during the period while the ears were developing. In drying the 
material the Golden Bantam earn were placed at a somewhat greater 
distance from the electric fan than the Stowell Evergreen, so that the 
two varieties were brought to air-dry condition in about the same 
length of time. 

RESULTS OF FIRST AND SECOND YEARS' TESTS 

WEIGHT. DRV MATTER, SUGAR CONTENT, AND GERMINATION 

The results of the first and second years' tests are given in table 1. 
The air-dry weight per grain of the young material is doubtlc'ss a little 
high, as a ccTtain amount of chaffy material adhen^d to tlu* base of the 
grains and could not be removed quickly without injuring the rather 
fragil(‘ pericarp. The very young material when quite dry was rather 
brittle and delicate, so that it was always necessary to handle it with 
considerable care. The dry-w'eight determinations of the older grains 
are much more exact. 

It is to be noted that the iiercentage of germination between the 11- 
and the 15-day stages of maturity is very low and irregular in both 
years. After the 15-day stage the percentage of germination in¬ 
creased strikingly to the 20-day stage, at which time about 80 to 90 
percent germinated. 

The maU^rial cut from the cob at the time of harvest germinated 
less satisfactorily than that which was allowed to remain on the cob. 
Tliis result may nave been due in part to injury to the grain in cutting 
but was probably due for the most part to the fact that the grains 
remaining on the cob derive some sustenance from it during drying. 

There is a good correlation between the percentage of dry matter in 
the grain at the time of harvest and the percentage of grains germinat¬ 
ing. With dry matter below 18 percent for coni cut from the cob or 
14 to 17 percent for that dried on the cob, germination ivas very poor; 
but witli dry matter above 20 percent, germination was generally 
good whether the grains had been dried on or off the cob. 

The power of germination does iiot seem to bo directly related to 
the sugar content. The germination increased with age up to 22 to 
25 days, but the sugar content increased to about the 16- or 18-day 
stage and tlien decreased. Thus, satisfactory germination was not 
obtained until the sugar content had declined considerably from its 
maximum. 
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Tablx 1 — Atr-dry vmght, dry-matlfr eonteal, Bugar content, and germtnation of 
eeedo of the tuvet com vanehoe Golden Bantam and Slomll Evergreen, harveUM 
od different etages if maturUy, tn fit it and second yearf tett* 
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It was expected that, auiee the Goldeu Bantam appealed to matine 
more rapidly than the Stow ell Evergreen, it would also germinate at a 
somewhat earher age In the matenal rut from the cob there appeared 
to be no very significant difference between the vaneties, but m the 
matenal allowed to diy on the cob the Stowell Evergreen germinated 
considerably better than the Qolden Bantam the first year, whereas 
the opposite occurred the second year. There is no clear explanation 
foi this reversal in behavior The two varieties w ere not harvested 
at exactly the same dates Tlie differences may possibly have been 
due to differences m the growing conditions prevaihiig m the penod 
between sUkmg and harvest of the two vaneties 
The materm of Stowell Evergreen cut from the cob germinated 
somewhat better m the first year than in the second, but m Golden 
Bantam the differences were not consistent. * 
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BEHAVIOR OF IMMATURE GRAINS WHEN PLANTED IN THE FIELD 

The young plants germinated in the greenhouse in the above tests 
showed tremendous (ufferonces in size and vi^or that are not revealed 
by the percentages of germination. The size o£ the foliage as it 
appeared above ground was generally smaller the earlier the material 
was harvested. The plants from the seed harvested very young had 
the appearance of rye or wheat, and the very youngest appeared even 
as dimmutive as some small-seeded grass. This, of course, raised the 
question whether such material when planted in the field would 
survive and develop to maturity. 

A quantity of seed of the second crop harvested at different stages 
of maturity and dried witliout cutting from the cob was planted in 
tlie field in the following Juno. It was planted much more thickly 
than is ordinarily done. The conditions in the field were very favor¬ 
able for germination, and in all except the very immature lots thin¬ 
ning was necessary to permit normal development of the plants. 
None of the plants from the seed harvested below 15 days of age 
survived to make a normal growth. The plants from the immature 
seeds appeared to be somewhat slower in getting established than 
those from tho normal grain, but when once established they apparently 
grew as fast as the plants from the mature seed. The plants from the 
seed harvested at 15 to 17 days of age came into flower 3 to 6 days 
laU'r than the plants from the mature seed. 

There was veiy little difference in the date of flowering of any 
plants from seed harvested at 20 days of ap or more, although tho 
weight of the seeds varied greatly between the 20- and 30-diiy stages. 
It appeared quite possible to grow a crop satisfactorily in the field from 
see<la harvested 20 days or more after pollination. Of couise, the 
minimum safe age for harvesting seed would depend upon the climatic 
conditions prevailing during the development of the grains, the re¬ 
quired age at time of harvest being greater for material developing 
during the cooler part of the growring season or in northern sections. 

THIRD YEAR'S STUDIES 

In the third year's work all pollinations were made by hand in an 
attempt to get more uniform results. It had been suspected that the 
irregular results of tho first 2 years' genuination tests were due in 
part to the younger age of the grains near tlie base and tip of the ear 
than those near tho middle of the ear, which are naturally fertilized 
first. The ears were bagged a few days before the silks appeared, and 
2 days after the silks nrst appeared the ears were pollinated with 
fresh pollen from the same variety as the ear that was being polli¬ 
nated. The ears were kept bagged until harvested. The pollina¬ 
tions were made between 9 and 11a. m., and the ears were harvested 
at the same period of the day at 2-day intervals beginning the day 
after pollination. 

WEIGHT, DRY MATTER, SUGAR CONTENT, AND GERMINATION 

In addition to testing grain dried with and without cutting from the 
cob, another series was taken by harvesting the entire aenal portion 
of the plant, bringing it into the laboiatoiy, and allowing it to dry at 
ordinary room temperature until the outer husks became almost air- 
dry, after which the ears were removed from the stalks, the husks 
removed, and the drying completed in the constant-temperature room 
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under the electric fan. Twelve to eighteen days, depending on the 
we of the material, was required to complete the drying of tlie grains. 
l%e results of these tests are given in table 2 
The percentage of grains germinating was more consistent from 
day to day than in the previous years, but there still remained con¬ 
siderable irregularity that must W attributed to causes other than 
differonces in the age of the grains from pollination 
Differences between varieties appear too small to be of any particular 
importance 

Table 2 — Air^dry wiwhl, dry maiUr^ hugar coyUeni, and qinnination of s(uh of the 
sweet com tanetien Golden Bantam and Stouell EvirgruHy harusUd at difftrent 
stages of matinity, in third year's U^ts^ 
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1 The pollinations w ere conti oiled as to t nr e by bagging the earn and itollinatuig them bv Irnnd at a siiec iflc 
time 


As in the former seasons, the seeds cut from the eob did not germi¬ 
nate as well as those allowed to dry on the cob. Wlioii the ear was 
partly dried on the stalk some giains germinated even when the plant 
was harvested the second day after pollmation. Only a f(‘w giains 
harvested at the early stages germmated, and the results were irregulai. 
On early harvested oars most of the grains cease development, but a 
very few et>ntinue to develop as long as they can receive nutrients from 
the cob. Culpepper and Magoon (4) noted that the«grains upon ears 
of mutilated plants differ greatly in their chemical composition. Some 
grains continued their development almost normally, while others 


Pen tilt three nt 
0 0 

0 0 

1 0 

0 0 

12 0 

49 2 

12 42 

98 K) 

ino 87 

100 87 

100 UN) 

100 lOO 



Air ( 

Age from date of pollination 

1 ar 
dried 

(davs) 


on 


stalk 


Oram 

2 


4 


6 

i 

8 

0 0422 

10 

0407 

12 

0701 

14 

0781 

16 

1041 

18 

1237 

20 

1104 

21 

1842 

30 

2146 



Sept. 16, 194 ! E^ect oj MoturiJty on Oerminaiion oj Sweet Com 341 


ceased to develop soon after the mutilating treatment out off tlie food 
supply to the ear. This variation in the development of individual 
grams doubtless is responsible for at least some ef the irn^gularities in 
the results. There were apparently differences in ears and a possible 
difference in strains, but it was obvious that at least many of Uie grains 
received a certain amount of nutrients from the cob after harvest. 

In the third year of the work 11 additional varieties were employed 
in tlie gemination studies. The methods were the same as for 
Stowell Evergreen and (loiden Bantam, but as a consequence of dif¬ 
ferences in rate of development the harvesting of all the varieties at 
oiu' particular age after pollination could not be made on the same day. 
They were harvested in August, there being not more than 5 days’ 
iliffereiice in the dates on which material of a given age was harvested 
for the different varieties. The conditions were fairly uniform during 
the period and wen* characterized by high tc^mperatures, which re¬ 
sulted in a rapid development of the grains, and consequently germi¬ 
nation was obtaiiieil in most cases in very young material. 

(lerinination was first obtained in tlie 7- to 8-day samples with the 
varieties Mammoth Late, Howling Mob, Money Maker, Country 
(lentleman, and Bantam Evergreen, and in 9-"to 11-day samples 
of Sweet Orange, Stabler Earlv, Sunnybrook, I^ong Island Beauty, 
and Golden Sunrise. The earliest age of harv’est of seed at whieli 
it will survive planting in the field was not determined. Seeds 
harvested 19 to 20 days after })ollination approached 100 percent 
germinating power, 

Apjiarently, only rarely can germination be expected of seeds from 
ears harvested less than 10 days after pollination, and such seedhngs are 
so weak that they cannot develop into nonnal plants. As conditions 
are made more favorable for the survival of the embryo, the greater 
become the chances that it can develop into a nonnal plant. 

The 3 yearn’ results suggested that it would be possible to harvest 
sweet corn when it is 20 days of age from date of flowering, or at a 
time when it has maximum table quality, to make chemical analyses 
and other tests for the identification of desirable characteristics 
upon a portion of the ear and to dry the remainder and preserve it for 
aubse(|uent planting. If the vigor of the plants from the immature 
seeds were not too much rediicecl, it would be feasible to make selec¬ 
tions in this way wnth a knowledge of the particular qualities of each 
plant under consideration at the period of best table qualify. 

In cooperation with D. N. Shoemaker, the writers made more than 
200 selections of self-pollinated ears of the varieties Golden Bantam 
and Stowell Evergreen. These were harvested 20 days after pollina¬ 
tion, and half of each ear was used in making chemical analyses, 
tests for tendeniess, and other tests, and the remainder was dried 
for planting the following year. The seocls of each of these immature 
ears were planted in the field and grown in the ordinary way without 
any special culture treatment. As would be expected, there was 
lowered vigor due to the effect of self-pollination, and this depressed 
furriier the decreased vitality resulting from the lessened reserves 
of food materials in the grain, thus making the young plants much 
less able to survive unfavorable conditions. In most cases, however, 
the seed from individual oars produced a crop of plants that was 
entirely satisfactory for the purpose of further selection. In maii}’^ 
progenies the growth was practically as satisfactory as that obtained 
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with com harvested at complete maturity, while in others veiy 
few plants survived to maturity. The Stowell Evergreen proved 
somewhat more satisfactory than the Golden Bantam. 

EmSCT OF DELAYED HARVEST ON GERMINATION OF SEED 

In the third and last year of the work, open-pollinated ears were 
harvested at 5-day intervals from 30 to 70 da^ from the date of the 
first appearance of the silks. The results of tlie germination tests 
upon these are g^ven in table 3. 

It is noted that beyond the 45-day stage the percentage of grains 
germinating decreased in both varieties. At 70 days from silkuig, 
only 57 percent of Golden Bantam and 52 percent of Stowell Ever¬ 
green germinated. This decrease in the percentage of germination 
was obviously due to the attacks of micro-organisms that found 
the ear a favorable place for growth. 

Because of the very warm, often rainy and humid conditions pr^ 
vailing in the middle of the summer in the Middle and South Atlantic 
States, the ears often do not diy out rapidly enough in the husk in 
tlie field to prevent decay. The com-oarworm often causes injury 
to the tip of the ear that may allow tlie entrance of rain water, and this, 
with the injury to the tissues, favors the development of the decaj 
oiganisms. If seed is to be saved in this section of tlie country, it 
is generally necessary to dry the ears artificially. 

From tlie results of these tests tlie most favorable time of harvest 
appears to be between the 35- and 45-day stages, or at a time when 
the grains have reached a dry-matter content of 35 to 50 percent. 
Excwent germuiation is obtained at 30 days of age, but the grains 
are generally so soft as to be easily injured by rough handling at this 
sta^e. It is ordinarily best to harvest the com before the plant is 
entirely dead, but the ears should be practically mature. The plants 
usually have the appearance of field corn at about the time it is usually 
cut and shocked. Many of the loaves are beginning to turn brown 
and die, but the stalk and part of the leaves are more or less green. 

Table 3. —Effect of delayed harveat on the dry-matter content^ the air-dry weighty 
and the germination of the aweet com variettea Golden Bantam am/ Rtowrll Ever¬ 
green 


Age from 
date of 
pollination 
(days) 

Golden Bantam 

Bto^ell K\ergreen 

Dry mat* 
ter 

Air-dry 

weight 

lioraeed 

Germina¬ 

tion 

Dry mat¬ 
ter 

Air-dry 
weight 
per seed 

Germina¬ 

tion 


Fereent 

Oram 

Percent 

Percent 

Grant 

Percent 

30 

44 22 

0 200 

98 

37 41 

0 269 

100 

85 

45 14 

.108 

100 

36 32 

.284 

99 

40 

56 03 

.214 

OS 

61 60 

.266 

08 

45 

53 40 

.108 

100 

50 72 

244 

96 

80 

62 81 

.216 

95 

58 74 

.264 

97 

55 

60 14 

.201 

91 

65 20 

239 

85 

60 

65 40 

.220 

80 

76.13 

.271 

76 

65 

74.10 

.236 

72 

64 20 

.242 

60 

70 

70 80 

.216 

57 

60 84 

231 

62 


SUMMARY 

With material propiurly dried, an almost perfect germination of the 
grains of sweet com Mias obtained with ears harvested long before the 
com reached complete maturity. In the veiy early stages the power 
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of germination varied greatly with the age or maturity of the material, 
and there appeared to be no specific age or moisture content below 
which all the grains abruptly ceased to germinate. Below a certain 
ago germination was progressively poorer the earlier harvesting was 
done. With earn harvested very early the grains germinated better 
when allowed to dry on the cob than when removed from the cob 
before drying. If the ear was allow ckI to remain on the cut stalk 
during the drying process, germination was still better. Apparently 
at least small quantities of nutrients are derived from the cob and 
stalk after harvest if the diying is not too rapid. It appears that on 
ears harvested veiy young and slowly brought to an air-dry condi¬ 
tion certain grains develop much more fully tlian others and hence 
germinate while the otliers fail. 

Results have been obtained indicating that the ears of sweet com may 
be harvested at tin* proper stage of maturity for table pe, tests made 
upon part of tin* ear for desirable table characteristics, and the 
remainder dried and preserved for subsequent planting. In this way 
selections of individual plants may be made at the time i^hen the 
grains arc at the proper edible stage rather than from the mature 
material. It was found possible to continue this treatment through 
three successive generations, thus giving on opportunity for the segre¬ 
gation of desirable characters not apparent in the mature grain. 

When the ears of sweet corn are permitted to remain upon the stalk 
in the field in the vicinity of Wasliington, D. C., until lully air-dry, 
the grains may germinate veiy poorly, owing to the fact that micro- 
or^fanisins attack the material under the warm, humid conditions of 
this locality. For the production of good seed artificial drying is 
generally liecessary. For this purpose the material should be har¬ 
vested 35 to 45 days from date of flowering, or when the dry-matter 
content of the grain has reached 35 to 50 percent. 
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THE CAUSES OF STILLBIRTH IN SWINE AND AN 
ATTEMPT TO CONTROL IT ‘ 


By S. A. AbDKiiL, Professor of aninud physiology, Laboratory of Animal Nutrition, 
and J. P. WiLLHAN, associate professor of animal humandry, Depatlment of 
Animal Husbandry, New York (Cornell) Agneullural Experimint Station 

INTRODUCTION 

Th(* (loath of y()ung pigs just before or during birth is a common 
phonomonon. yol little attimtion has b(*on paid to it. It is difiicult to 
obtain nJiablexlata on the extent to which it occurs, since information 
colh'cted from breeders is usually incomplete. They do not bother, 
in many easels, to record all the dead pigs. Another source of error of 
the opposite sort is the listing of muinmificHl embryos bom with the 
litter. Most reports in the literature concc'rning still-bora pigs are 
incidental to other work and usualljr it has been necessary for the 
writ(‘rs to calculate* the perc(»nta*ge incid(‘nce for comparison with their 
data. A summary of the data found is giv('n in table 1. Tlu* normal 
mortality for the United Stat(*8 lie's betw('('n 5 and 8 perce'ut. The* 
numbers shown in table 1 are fairly uniform except tin* percentage 
for N(*w Zealand, which is high, and that for Slovakia, which is low. 

King (4y giv(*a the natal mortality in rats of the Wistar Institute 
strain as 1.31 percent for 31,670 rats born. She belh'ves that not 
mon» than 8 percent of still-boni rats were not recordc'd, so that “it 
wcnild app(‘ar that the normal birth mortality in the colony, under 
c'xisting conditions of ('iivironmc'nt and of nutrition, was not greater 
than 2 i)erc(*nt.” She summarized data on human births collected 
by the Unit(»d States Childivirs Bureau in s('l(»cted citi('s of the Ihiited 
States, and found 4.4 |)('rc('nt still-bora in 5,456 births, a figure more 
compaj'abh* to tin* swine figiirc's than is h(*r ncwentagc' for rats. Prob¬ 
ably mortality would be liigher in rat coloni(*s not so meticulously 
car(*d for as tliose of the Wistar Institute. 


TABLh 1 -T/if madtnrt of hftU-botn pigs as repotted by differerd authoritieii 
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The work of Aubel. Hughes, and lionhardt (Jf) suggests that mor¬ 
tality might be greatly reduced by the addition of wheat-germ meal 
to the ration of the sow, bijt in view of the composition of the basal 
ration, it is difficult to see in what way this could have improved it. 
The most thorough investigation of the causes, or rather the rela¬ 
tionships, of stillbirth in pigs, is that of McPhee and Zeller (9). They 
found that stillbirth was related to litter size, as the smallest (1 to 2) 
and the largest (15 and above) litters had the greatest mortality at 
birth. To explain this they suggest that the smaller litters suffer 
most because they may be but the surviving remnants of litt(‘rs that 
were larger at conception. The greater incidence of stillbirth in the 
largest litters is put down to the heavy physiological demands on the 
mother. They list the following as probable factors which influence 
birth mortality: 

1. Errors in prenatal dcvelopiiicnt 

2. Nutntion, age, and oarc of the mother 

3. Pathology 

4. Lethal factors 

5. Inherited endocrine disturbances 

This classification is good, though it is doubtful whethc^r a distinction 
can be drawn between factors 4 and 5. The list might be improved 
by adding one new class, accidental death, and a second, delayed 
birth, which might bo a subdivision of class 2. 

In the work herein recorded the writers have attempted to con¬ 
tribute to the knowledge of stillbirth in pigs through the collection of 
accurate re^cords over a number of years and by autopsy of still-born 
pigs. When it seemc»d evident that delayed birth is a very important 
factor, an attempt was made with appai'ent success to reduce the 
mortality by the injection of pituitrin after the birth of the first pig 
in each litter. But the significance of the results obtained by this 
method now seems to be somewhat doubtful, 

EXPERIMENTAL METHODS 

Records were kept from the spring of 1930 of all pigs born alive or 
dead in the Cornell University herd. Whenever possible the order 
of birth and the birth weights were also obtained. The dead pigs 
were preserved in lars containing 5 percent formalin until about 100 
had been saved. Mummified embryos were not counted or saved. 

The university herd consists of purebred Berkshires, Chester Whites, 
and Diiroc-Jerseys, with a veiy few crossbreds. The feeding and 
management have been kept fairly constant since 1930, but naturally 
there have been seasonal changes as well as changes of herdsman. 
Matings are made to get two littei*8 year^ from the sows, in early 
spring and early fall. At the begiiming of the period under discussion, 
the proportion "of aged pte was high, but by 1935, the end of tho 
collection period, it had become the custom to keep the sows for a 
much shorter time so that the proportion of first litter sows was 
greater. 

INCIDENCE OF STILLBIRTHS 

During the period under discussion, 1930 to 1935, inclusive, the 
total number of pigs born was 1,882, of wliich 125 were dead. This 
is 6.6 percent, a proportion that compares favorably with the other 
figures from the united States. There was little Wed difference, 
but it is noticeable that the incidence of still-born pigs is in the order 
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of avorago litter aize (table 2). This may be important as it is shown 
in Table 3 that litter size has an influence on the percentage of pigs 
bom dead. 

Table 2. —Stillbiriha %n pigs as related to bleed and average Utter site 


Breed 

Avemw 
litfor mzp 

Still-born 

PIPH 




Duroc-fprwy 



Berktihire 



C^hesler W Into 




Tho sizo of Iho litter seems to have had some (fleet on the percentage 
of stillbirths (table 3). The figures for small litters are too scanty to 
give reliable information, but it is evident that with very large litters 
the birth mortality tend(‘d to increase. This is in accord with the 
lesults of other workei-s. Carmichael and Rice {2) found that the 
trend was high with small and large litters. MePhee and Zeller {9) 
obsc^iwed the sam(' trend. However, the WTit(‘rs quc'stion their sug- 
g(*stion that the increase<l mortality in large litters is due to an in¬ 
creased physiological drain on the mother, for the evidc^nce in this 
work indicates that the increased duration of the birth proc(*ss is an 
important factor. 


Tabie 3 -(Stillbirths in pigs ah related to liitn siz( 
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0 
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(i 

n to 20 

IS 

31 

12 2 

10 

20 
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The ag(‘ of th<‘ sow is another possible factor. The figures in table 4 
show a d(flnite trend toward an incrc'ase in birth mortality with 
the increase in the age of the sows. Kffienecky's (5) data show a similar 
tnmd from the first litter to the sevemth, but afterwards there is a 
somewhat erratic decrease. Russeirs ’ data show a fairly steady 
increase with age as definite as those of the present writc'rs. McMe('k- 
an*s (5) figure's are more ('rratic but show the same trend. 


Table 4. —Stillbiiths in pigs as related to age of tht sow at time of delivery 


Age of vm 

Litters 

Still born 
PIRS 

0 months to 1 year, 3 months 

1 yosTf 3 monthb to 1 yc ir, 0 months 

1 year, 0 months to 2 years, 3 mouths 

2 years, 3 months to 2 vears, <1 months 

2 years, Q months to i years, 3 months 

Above 3 years, 3 months 

1 

1 

Ptrant 

2 7 

3 2 
3 3 
» 0 
0 8 

14 1 


* RUBSKI l. E 7 A(iE AS A FACTOR IN BROOD SOR PERFORM iM A TT. S. BUf. Anim. lodus , Atlim. 
llUBb Div. Mim. PaiK^r. 4 pp. [n. d ] 
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There seems to be a seasonal influence also, as the mortality in 92 
litters farrowed in the spring was 9.2 percent and in 88 litters far¬ 
rowed in the fall, 4.9 percent. McMeekon's {8) pigs farrowed over 
a much longer period than did those of the writers. Taking com¬ 
parable periods, his fail farrowings were the higher, with 12.5 percent 
mortality, and his spring farrowings the loW(>r, with 5.0 percent 
mortality. The winters in the Manawatu-Oroua district of New 
Zealand in which these pigs lived are very mild with rare frosts, and 
there is far less difference between seasons than at Ithaca, N. Y., 
where the writers’ pigs are kept. Evidently, if the Ithaca and 
Manawatu-Oroua data are representative, the factors at work which 
influence the seasonal incidence are totally different in the two locali¬ 
ties. King’s (^) rat data give a higher incidence of stillbirths in the 
fall (3.04 percent) than in the spring (1.78 percent). These* figures 
for rats are in accord with those from New Zealand for pigs. Perhaps 
the Ithaca results reflect the fact that the sows had several months of 
pasture feeding before the fall farrowing and only 1 month before the 
spring farrowing. Support for this view is gained from the fact that 
after the close of the work described in this paper, many sows wen* 
not given summer pasture and the incidence of stillbirths was high 
in the spring farrowing. Many of the dead pigs showed signs of 
thyroid (iodine) deficiency. Superficial edema, thickening of tin* fore 
limbs, and enlarged thryoids were observed. Ithaca is on the* c'dge 
of the Great Lakes iodine-deficiency area. 

The sex ratio of all th(* pigs bom was 52.5 percent males, and that 
of the dead pigs 51.2 percent males. This may repre8(*nt a very slight 
tendency for females to die more readily than males, (^irmicliael and 
Rice {2) found a sex ratio of 56 percent males in 402 still-bom pigs. 
MePhee and Zeller (,9) found that the sex ratio of dead pigs was 52.9 
percent males (497 pigs) as compared with 52 2 percent males for 
all pigs. Evidently there is little or no tendency for mortality to b(* 
greater in one sex than in the other. King (4) however, found a very 
great excess of male stillbirths in her rats and also in her human data. 

POSSIBLE CAUSES OP STILLBIRTH 

There is no doubt that the tendency is for still-born pigs to be the 
more immature pigs in the litter, but this tendency is not complete, 
for dead pigs may oe found in any weight class. The average weight 
of all pigs born was 2.6±0.02 pounds, while that of the dead pigs was 
2.1 ±0.07 pounds, a difference of 0.5 ^und. The coefficient of varia¬ 
tion for all pigs born was 26; for pigs born dead it was 38. Lush, 
Hetzer, and Culbertson’s {6) equivalent figures are 2.7 and 2.2 pounds, 
with approximate (calculated) coeffick'nts of variation of 20 and 30 
respectively. The weights of pigs bom dead are, therefore, much 
more variable than those of all pigs bom. 

The still-bom pigs saved were weighed, measured, and dissected. 
Weights were taken for the liver, stomach and intestines (empty), 
kidneys, lungs, brain, and heart. The averages with thc*ir constants 
are given in table 5. No similar figures for normal swine are available 
for comparison but the rank of the organs in degree* of variability 
follows very closely that for normal newborn rats ^iven by Jackson. 
(See table 5.) The* variability in individual organs is naturally much 
^eater, since there is far greatt*r variability in body weight. The 
neart shows this more than any other organ. 
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Table S.—Awmge weighlt of orgatu in still-bom pigs as eomparfd with similar data 



for newborn rats 





i 




Jackson’b (9) 

Organ 

Mean 

Probable 

error 

Standard 

deflation 

Coefflpient 
ol varia¬ 
tion 

coefflpient of 
\arlation i 
for newborn 






rats 

Total weight 

947 gm. 


3fiK 

3H 

1 12 

Crown-rump length 

29 2 pm 

dr 4 

4 4 

lA 

Bram 

29 2gro 

± » 

4 2 

14 

12 

Heart 

9 hgm 

± 2 

3 2 

33 

18 

Kidneys 

7 hgm 

d: 2 

2 A 

33 

24 

Liver 

21 4gni 

± 5 

8 3 

39 

22 

Lungs 

22 Sgm. 

dL (* 

9.1 

41 

23 

Stomach and Intestines (eiiipt>) 

44 .Igm. 

±\ 2 

19 0 

43 

*38 


> Approximntp 
* with contents. 


An uttompl \^as mado to dooijlo for oaoh of the 127 pigs disseett'd 
th(‘ probable cause of death. Tllis could be no better than guesswork 
in many eases as it is difficult to decide to what extent extreme varia¬ 
tion in lh(' size of an organ is lethal. Where the diffenmee in the 
weight of one organ was grt'at as compared with the rest of the organs 
and with the body weight, the fact was noted and was given as tlie 

E robable cause of death. Many of the pigs undoubtedly failed to live 
ecaiise of iminaturitv, but it is difficult to distinguish in all cases 
between smallness and immaturity of a lethal nature. It was decided 
arbitrarily that a nig smaller tlian 375 gm. would not be likely to live, 
but this is probably a very conservative estimate. There seems to be 
no reason to assume tha{ excessive sizt' would be lethal ex(*ept as it 
affects the mechanics of birth. 

When any organs W'ere doubtful in appearance or showed gross 
lesions, they W’ere sectioned ami studied histologically. Paraffin 
(mibedding wdth liaematoxylin and eosin staining was emploved. 
Potassium ferrocyanide w^as used for the detection of iron in the fiver 
and spleen. 

The assigned reasons for failure of these pigs to li\e are as follows: 


Jiimiaturit\ and stiiallnohs. 8 

Disproportionate organ weights_ 18 

Patholog> 19 

Kndoeriiic disturbances and edema . 19 

T)eforinities of skeleton «') 

Accidental death (e. g., birth injuries, crushing Ix^fore herdsman 
saw pig). .. 13 

No obMous leasoii for death._ 45 

Total 127 


The {iTOup dosiipiatod “Disproportionate organ weights” may bo 
subdividoc] as follows: Largo hoart, 5; largo heart and kidneys, 2; 
laivc hoart and brain, 1; largo brain, 4; small brain, 5; small liver, 1. 

It is difficult to decide what offwt an enlarged heart would have 
upon the viability of the pig, but the hearts in these cases wero 
extremely disproportionate as compared with the average. This is 
reflectc'd, of course, in the high coefficient of variation already noted. 
Brtun disproportion is probablv a much more serious fault. 

Under the heading “Pathology” two main types of lesion wen* 
noted: (1) White spots on the surface of the liver, caused by an 
extensive invasion of whiU* blood cells (half of one lai^e litter was 
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bom dead, with these lo»ons in each pig), and (2) black spots on the 
spleen or on the spleen and liver, caused by heavy deposits of iron 
compounds. Other leuons listed were kidney and heart small, and 
necrotic calcified masses on loft cornea; blood in thorax, lungs pitted 
and edematous, 2 cases; coagulated serous fluid in thorax, 2 cases; 
enmhysema of lungs; liver atrophied, coagulated serous fluid in thorax. 

It is realized that these descriptions are very incomplete and that 
the nature of the preservation of the pigs left much to be desired for 
this type of work. The descriptions are meant to indicat<‘ merely 
that patholo^ was present in these cases. Edema, when it occurred 
alone, was taken as indicative of thyroid deficiency and was classed 
under the heading of endocrine disturbances. 

No swine abortion {Brucella auis) infection has been found in the 
herd during the course of this work. 

The classification “Endocrine disturbances and edema” is some¬ 
what vague. It was made because in a few cases edema was found 
to be associated with fairly obvious abnormalities in the size of the 
thyroid or thymus {dand, put in most instances it was not so accom¬ 
panied. Details and number of cases in this class are as follows: 

Thymus large, edema, 2. 

Thyroid large, edema, 2. In one of these the brain was small. There was 
very little hair. The nght kidney was small and necrotic; the left 
kidney was hypertoophied so that the weight of the two together was 
eiose to the average for these organs. 

Thymus large, neck rigid, 1. 

Thymus large, 1. 

Thyroid and spleen large, histology normal, 1. 

General edema, 11. 

Umbilical cord large and edematous, 1. 

Skeletal and other deformities were few. They were as follows’ 
Thickening of lower jaw, 2 cases (in one of thc-se general (>dema was 
also present); hind le^ drawn back, brain and alimentary ciuiol small, 
1; extreme hernia, 1; cleft palate, brain abnormally small, alae of nost* 
not united, 1. 

Accidental deaths were divided os follows: Fractured or compressed 
skull, 4; intracranial hemorrhage, 2; extensive bruises, 3; excessive 
hemorrhage from umbflical cord, 1; umbilicfd cord light around body, 
1; swallowed fetal membranes, 1; ruptured jugular vein, 1. 

In all, about two-thirds of the deaths were provisionally accounted 
for, but it is obviously impossible to decide what proportion of these 
should be charged to heredity and what to disease processes. The 
small number of structural anomalies is surprising. 

After a number of the pigs had been dissected, it was realized that 
there was considerable difference in the appearance of the lungs when 
they were sliced. Some had obviously been inflated, but many had 
not. The lungs of the last 105 pigs were sectioned and examined 
histologically. The results are striking: Alveoli collapsed, 35; alveoli 
partly open, 46; alveoli wide open, 24. 

Many of the pigs die after they have breathed, many others arc 
able partly to iimate their lungs, but die before they arc able fully to 
inflate them. ^ Others are dead before any attempt at inflation can 
be made; This led to the belief that many of the pigs were suffocated 
within the uterus or vagina. This condusion was strengthened by 
the fact that stillbirth was known to occur more frequently when the 
farrowing was unduly prolonged. The question arose whether the 
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order of birth was also a factor. In several farrowings the exact 
order of birth had been recorded. These records showed definitely 
that the great majority of the still-born pigs were bom late in the 
litter. Figure 1 illustrates this. The vertical line repn^ents the 
division of litters into the first and si^cond half farrowed. Still-bom 
pigs are represented by an X. Twenty-six litters in all are charted. 
Nine pigs were bom dead in the first half of the pigs farrowed, and 45 
in the second half. 
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9 DEAD PIGS 


45 DEAD PIGS 


Figure 1. — PigH htill-born in the first and bccond half of the litters farrowed. 
The litters are recorded hori/ioiitally in the order of birth of the pigs with the 
dividing line at the center of the litter. Still-born pigs are indicated by X; 
asterisk (*) indicates 3 dead jngs born in the second half of a litter of 13. 


AN ATTEMPT TO REDUCE THE INCIDENCE OF STILLBIRTHS 

In the light of tln‘ foregoing results it seemed possible tliat mortality 
might be reduced by hastening birth. Accordingly, for the next five 
farrowing seasons—1936 to spring, 1938 2 cc. of pituitrin, IT. S. P. 
IX at first and later 1 cc. of pituitrin U. S. P. XI, was injected into 
each sow immediately after tne farrowing of the first pig or as soon 
thereafter os possible. The injection was made subcutaneously in 
the soft port ol the neck, 2 or 3 mches behind the (‘ar, the skin having 
first been swabbed with alcoholic iodine or alcoholic mercuric chloride 





352 


Journal of Agrieultural Beseareh 


Vol. 6S, No. e 


solution. Durii^ the period of the experiment 1,148 pigs were faiv 
irowed, and 33 of these were dead. Tlus was a niortaUty of 2.9 poi^ 
cent. The averse weight of the dead pigs was 2.1 pounds, the same 
as previously. These results seemed to justify the conclusion that 
the injection of pituitrin had markedly cut down the mortality, as 
tliere was a drop from 6.6 percent to 2.9 percent. 

In order to establish a check on this residt, during the next five 
farrowing seasons (fall, 1938 through 1940) insofar us possible alter¬ 
nate sows were injected. Of 352 pigs bom to injected sows, 15 or 
4.3 percent were still-bom. Five of tliese pigs were bom in one litter 
after a long delay in farrowmg. Of 545 pigs bom to sows that were 
not injected, 13 or 2.4 percent, were still-bom. The difference in the 
number of pigs fanowed in the 2 groups is due not to a difference in 
litter size, but to the fact that more sows were left uninjwted. Even 
if the 5 dead p^ in 1 litter were omitted, the injections woiild not 
have lowered tlie mortality below that in the noninjected sows. 
Furthermore, the current rate of mortalitv is exceptionally low, 2.9 
peivent, for all pigs during the 5 years of injections, a figure below 
that of any comparable serit*s in the literature. No cliaiiges in man¬ 
agement of the sows had been made that would appear to account for 
tliis decline. The writers are at a loss to explain it and they hope 
that others will repeat this work in order that furth(*r data may be 
obtained on the effects of pituitrin injections. The lower average age 
of sows in the second 5 years may account for some of the decline, but 
only for a small part. 

SUMMARY AND CONCLUSIONS 

The p<*rcenlage of still-bom pigs in the Cornell ITniversity heiil 
over a period of 5 years was 6.6. 

Large litters and advancing age of the sow ti'iid to increase the 
birth mortality. Spring farrowings had nearly twice the mortality 
of fall farrowings. The mortality was no greater in one sex than in 
the other. 

The average weight of still-born pigs was 2.1 jiounds, as compansl 
with 2.6 pounds for all pigs farrowed. The weight of still-bom pigs 
was also more variable uian that of all pigs farrowisl. 

As far as possible, the cause of death was ascertained. Dispropor¬ 
tionate organ weights and pathological conditions seemed to be the 
principal contributory factors. 

A considerable proportion of the pigs had made abortive attempts 
to breathe and had been smothered before birth. Most of the dead 
pigs W(>re bom late in the farrowing. 

An attempt by the injection of pituitrin to hasten birth and thus 
reduce the mortmity seemed to be successful at first, but subsequent 
work has thrown doubt on its value. 
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COMPARATIVE INJURY BY THE EUROPEAN CORN BORER 
TO OPEN-POLLINATED AND HYBRID FIELD CORN > 


By L. H. Patcb, tutoeuite entomolMut, G. W. Still and B. A. App, amttant 
enUmologtsU, and C. A. Crooks, junior entomologtit, Bureau of EnUmciofiy nnd 
Pidn< QuaratUtne, United States Department of AgrteuUure* 


INTRODUCTION 

Hybrid field com (Zea mays L.) adapted to local conditions has been 
found superior to the conunon open-pollinated varieties of corn with 
respect to resistance or tolerance to some diseases and insects, the 
number of barren or earless plants, the de^ee of stalk break^e, and 
the yield of marketable grain. The possibility of its superiority vdtb 
respect to tolerance to infestation by the European com borer 
{Pjfrausta nvMldlis (Hbn.)) prompted the inclusion of several open- 
pollinated varieties among test plantings of hybrids in northwestern 
Ohio during the years 1929-33. The locally adapted Wooster strain 
of the open-pollinated Clarage variety was also grown by itself for 
comparison with the open-pollinated varieties as a group, not all of 
wluch were locally adapted. The determination of the comparative 
amount of injury to the quality and yield of the ears and also of 
breakage of the stalks was the primary purpose of this study. 

A stuily of the injury to the quality of the ears should inelude, in 
addition to their marketability, the feeiling value of the grain. This 

f iliase of the problem has been investigated by the Bureau of Aninial 
ndustry, United States Department of Agnculture, and the Chief 
of that Bureau maile the following statement in his annual report for 
1933: *'Analys(>s of the separate parts of plants infested by com 
borers show that the leaf, stalk, grain, cob, and hiMk were not mark¬ 
edly changed in composition. Reiluced production in cora-borer- 
infested areas, therefore, can be measured chiefly on the basis of 
reduced yield.” Accordingly, no additional data on grain analysis 
are presented in this paper. 


STRAINS OF CORN USED 


The gniup of open-pollinated varieti(*8 was made up, in 1930, of 
Red Cob Ensilage, Longfellow Flint, and the Europe^ varieties 
Telbisz Early Dent, Pferdezahn, and Bankuti Dent; in 1931, of 
Golden King, Krug, and Woodworth’s Re<*onstituted High Yield and 
K(>con8titute<l Reid; and in 1933, of Johnson County White, Smol^ 
Dent, Clarage, Canterbury, and Doubet. There were 22 hybrids in 
Uie group tested in 1930, 15 of wliich were single crosses, 4 were 
three-way crosses, 2 were double crosses, and 1 was a top cross; of 20 
hybrids tested in 1931, 18 were single crosses and 2 were double 


I Received for publicatiouJanuATYTr 1641 ^ , , , ,, t « « n ^ r 
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crosses; and of 7 hybrids tested in 1933, 4 wc*re single crosses, 2 were 
three-way crosses, and 1 was a ilouble cross. 

EFFECT OF BORER POPULATION ON THE QUALITY AND YIELD 

OF THE EARS 

COLLECTION OF DATA AND STATISTICAL ANALYSES 

The various strains of corn were subjected to different known levels 
of borer population. These strains were randomized within each of 
several replications. Each plot of a given strain was divided into as 
many equal subplots as there were levels of borer population in the 
experiment. One of the subplots was subjected to natural infc'station 
oiuv, whereas each of the others was, in addition, infested by hand 
with a definite number of egg masses per plant to produce tht‘ desired 
level of borer population. Tlie eggs were produced in the laboratory.^ 

Some strains matured earlier than others, and the (‘ars of these 
strums were a special attraction to bla(*kbirds. Thewfore, to avoid 
errors in comparuig yields, all the earn wen* tightly covered with ])ap(‘r 
bags to protect them from the birds. 

On an average 24 plants from each level of infestation of each strain 
were dissected after the middle of August to dete'rmiiu* the mean 
number of borers per plant before many of the full-fed larvae' hael 
migrate'el away from the plants. 

At harve'st time record >^as made by subplots of the* te)tal number of 

[ )roductive plants, the number of earle'ss plants, the* nurnbe'r of plants 
learing two ears, the number and weight of all the ears harve'steel, and 
the numbe'r and weight of the unmarketable' ears. Plants maturing 
h'ss than six ke'rnels of grain we're recorde'el as earle'ss. Unmarketai>le 
ears we»re the chaffy, rotted, or moldy e‘ai*s and nubbins so small that 
thi'y would not ordinarily be harve'sted. Ears e)f semnd grain, e've'ii 
though small, and ears with only a few of the ke'rnels molely we're' 
classific'd as marketable. 

Fi*e)m the teital numbe»r of plants in all the' subplots of eae'h le'vel of 
infestation, the perce'ntage tiiat was earh'ss anel the pe're*e'utage and 
the weight eif ears that we're marketable were cale'ulated. The'se 
values were placed on an aeTe basis for a stand of 10,000 plants, thus 
permitting easy conversion of the numbers of plants pe'r aeTe into 
pe*rcentages, and vice veTsa. The actual stands of 10 plantings of 
Clarage anel 7 plantings of opem-pollinateel gre)ups and of hybrids 
ave'raged 10,100 and 10,383 plants in 3,556 hills per acre, respective'ly. 
The yie'ld was calculated in bushels of 56 pounds each of slu'lleel e'orn 
on the basis of a moisture e'onti'nt of 15.5 percemt. 

The data from the 1930 planting of open-pollinated varieties, which 
averaged one borer per plant, are given as an example of the conve'rsion 
of the data to an acre basis. On an average 5.5 percent of the plants, 
or 550 plants per acre, were earless. Therefore, 9,450 plants p('r acre 
were productive. Of the ears harvested, 93.0 percent were classified 
as marketable. On the assumption that each ear represented a 
productive plant, 8,789 plants per acre bore marketable' ears and 661 
plants per acTc bore unmarketable ears. Of the ears harvested 98.6 
percent by weight were classed as marketable. Since the estimatc'cl 


* Patch, L. H., and Pkibck, L. L. labokatohy psoixiction of ti ustbrh t>F ei kopean corn hoker 
EGOS FOR USE IN HAND INFPMTATION OF CORN JoUr EcOD. Ent 26* 19h 204, lllUS. 1031. 
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yield of the fuU stand of plants was 57.4 bnshols per acre, the estimated 
marketable yield was 56.6 bushels per acre. 

Finally, the simple regressions of the number of earless plants per 
acre, the number of plants beaiing marketalile ears, the total yield, 
and tlie marketable ^ield on the level of borer population were calcu¬ 
lated Per-acre estimates were Uien made of the measurable quan¬ 
tities in the abs<>nce of borers, which in this paper are called the normal 
values. The rraults of the statistical analyses of all data arc given 
in table 1. 

As indicated in the example given above, one ear at harvest was 
assumed t(j rc'prcscnt one productive plant. Although the number of 
produ<*tive plants per plot was recorded, the identity of the individual 
ears from two-tw plants was lost when they were classified as market¬ 
able and unmarketable, and no record was oblaini'd of the number of 
plants for each class of care harvested. It was not possible, therefore, 
to determine the number of plants per acre Ix'aring marketable ears. 
Two-<‘ar plants, however, were'few in number During the period of 
lh(> experiment the average percentage of two-ear plants of (Marage 
ranged from 0.4 to 2.4, with a general average ol 0.9, and of the open- 
pollinated and hybrid groups from 0..j to 4.6, with a general average 
of 2.1. The discrepancy introduee<l into the cnk'iilations by assuming 
an ear to represent oiu' productive plant may therefore be considered 
08 of no material importance. 

The standard ('iTOm of tin* regr<*88ion (‘oeOicU'nts wc're calculuttHl by 
Fisher’s formula.^ The variances of tlu' different (*stimat(‘s in the 
absence of borers wo«‘ calculated by a modification of the formula 
given by Ezc'kiel,’ 


Inhere o^u is the variance of the mean value of the factor of all borer 

It 

levels, is the s( andard (‘riDr of the regn'ssion coeffieic'Ut, and Mi is 

the iiKsin l)nn>r population of all levels. 

The standard eritu’s of the averages of all the plantings were calcu- 
Ifited by tin* fonnula for the standard erior of a general mean. 

The number of degrees of freedom given in table 1 rangi's fj-om 1 to 4, 
indicating that the field data were obtained fwin three* to six levels of 
borer population. 

In (*8tunating tin* (*frect of the infestation on the various factors, 
averag(*s of all the plantings were used as a basis for comparison. Any 
<lifferenc(*s between correspotiding values of tin* Clarage and the open- 
pollinated groups may have be<*n due to difference in variety, soil, 
planting date, or locality, but the values for the open-p.ollinated 
varietie and l»ybri<l8 are diiwtly comparable. 

* Fjsuek, K a statisticai MiiTiioiis ]»oK KiksEAiuu ii^oKkERs Kd f), dVi j)]) , illiis Edinburff and 
London HHO Soesixtion 

' K7fiKiKL, MoKi)»r\]. METHODS Of (OKKfiATioN 4 NAi\sis 427 pp, lUu'' Nevi Voik and London. 
1910 Heep 2‘i4. 
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REDUCTION IN MARKETABLE YIELD 

The comparative injury by the borer to the yield of the three groups 
of com was studied from the standpoint of the reduction in marketable 
yield. Under infestations up to about five bon*rs per plant tliere were 
no clear visual indications of reduction in yield, alOiough broken stalks 
and signs of infestation were numerous. Under severe infestation the 
most noticeable indication of reduction in yield was the increase in the 
number of earless plants, but some infested plants bore onlj un¬ 
marketable nubbins or injured ears. From experimental evidence 
the ears of all infested plants appear to be more or less reduced in size, 
but in most fields, unless thej are heavily infested, a general reduc¬ 
tion in size would pass unnoUcecl. The borer reduces the marketable 
yield of com plants, therefore, in three ways—(class 1) through an 
increase in the number of earless plants, (class 2) through an increase 
in the number of plants bearing unmarketable ears, and (class 3) 
through a reduction in the size of the ear on all plants bearing market¬ 
able care. 

To study the effect of those factors in reducing tlie marketable 
yield, it was desirable to put the loss in yield due to smaller ears on a 
plant basis for eomparison with the other two factoi-s. The yield ob¬ 
tained at a mven level of infestation is usually compared with an 
estimated yidd in the absence of borei-s. Hencc' the loss in vield due 
to smaller ears is expressed ill terms of the number of plants that 
would produce an equivalent yield in the absence of borere. FApi eas¬ 
ing the loss in this manner is the same ns mgarding t he loss that actually 
occurred on all the plants bearing marketable ears as being concen¬ 
trated on a number of plants to the extent of rendering them earlm. 
Since the yield harvreted at a given level of infestation requires more 
plants than are required to produce this yield in the absence of borers, 
class 3 represents the excess plants that would be needed to coinjien- 
sate for the loss due to snialler ears. 

The number of plants in class 3 was determined by first dividuig 
the number of bushels of marketable corn per n<Te at a given infesta¬ 
tion lcv(‘l by the normal yield in fractions of a bushel pieplant b(>aring 
marketable corn to obtain the number of plants that should have 
produced an equivalent yield in the absence of borers, and then sub¬ 
tracting tliis number from tlie number of plants bearing marketable 
ears per acre at the riven level of infestation. 

The number of earless plants, the number of plants bearing market¬ 
able ears, and the number of bushels of marketable yield were 
calculated on a per-acn* basis for a level of 12 borers per plant from 
the values in the absence of borers and the increase or decrease in these 
values per borer. Tlie number of plants per acre bearing unmarket¬ 
able ears was found by deducting the sum of the number of plants 
bearing marketable ears and the number of earless plants from 10,000. 
The number of plants in each of the tliree classes, in the absenct* of 
borers and at an infestation level of 12 borers per plant, is given in 
table 2. The difference betweim these two levels gives the increase in 
the number of plants necessary to compnsate for the loss due to 12 
borers per plant. The totols of the differences give the number of 
plants ^hose production in the absence of tlie borer would have 
equaled the total loss in marketable yield due to the borer. 
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Tablb 2. —ClasBiJicaiion of the loss to the various types of corn due to corn borer 
infestation at an average level of 12 borers per plants Ohio, 1929-SS 

CORN BORER ABSENT 




Plrfhts ijer acre 





Additional 


Tjpeof wrn 

Earless 
plants 
! (class J) 

Plants beat- 
ing unmar¬ 
ketable eais 
(class 2) 

plants 
KHiuired to 
coniptmsaip 
for loss due to 
smallei eats 

Total 




(class 3} 


riampe 


I, I'M 

0 

2.090 

Opon-iM}11 mated lm oup 

S74 

593 

0 

1 K>7 

Ily)>rids 

272 

310 1 

1 

1 0 

1 


INFESTATION LEVEL 

12 BORERS PFR PLANT 


f'latiM:e , 

l.fMiO 

' 1,5S2 

1.930 

5.472 

Olien-iMiUinated liinup 

L7.JK 

1 1 bl7 

1.9()3 

5.318 

11 y buds 

t>20 

091 

2.W2 

3,006 

INCREASE NECFSSAUV TO C'OMPK\S\TK FOR BORER ATT\l K 


('laiaire 

1 n2() 

432 

1.930 

3.:i82 

Open iNilliiiated eionp 

i KM 

921 

1 9fi.i 

.3 751 

11 y buds 

j 34h 

1 .944 

2 912 

3 384 


From th(‘ niimb(‘r of plants in each class riven in table 2, figure 1 was 
constructed to present the data graphically. A horizontal line was 



Fioore 1. Reduction in marketable yield <)f corn, cla‘^‘?ified according to character 
of injury rchulting from corn borer attack at different levels of infestation: 
A, Clarke; /?, open-pollinated group; i\ hybrids. 


first drawn at the level of the total number of earless and unmarket¬ 
able ear-bearing plants in the absence of borers. Then the total 
increase in the number of plants necessaiy to compensate for borer 
attack at the 12-borer level was plotted above the horizontal line. 
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These points were connected with the origin at the no>borer level 
bjir a straight line. At the rig^t of each fimre a supplementaiy scale 
gives the percentage reduction in marketable ^dd due to the borer. 
This scale was erected on the basis of the total increase in number of 
plants necessary to compensate for the attack of 12 borers per plant 
as a percentage of the number of plants bearing marketable oars in the 
absence of borers. For example, the total increase of 3,382 plants in 
the Clarage strain is 42.76 percent of 7,610, the number of plants 
bearing marketable ears in the absence of borers. 

The size of the oars was reduced about the same percent^e m all 
three groups, because the ears on all the plants bearing marketable 
ears were smaller and the total reduction in marketable yield due to 
the com borer was equivalent in each case to the yield from about the 
same number of plants in the absence of the borer. These results 
were obtained even though half the tests on Clarage were conducted 
during seasons in which the hybrids and the open-pollinated group 
were not tested and all but two of the tests on Clarage were conducted 
at different localities. 


In the absence of borets 7,910 plants bearhig marketable care of 
dariwe yielded 52.4 bushels per acre (table 1), or 0.006624 bushel 
per pliuit. Owing to increases in the number of earless plants and 
plants bearing unmarketable cars, the number of plants bearing 
marketable cars was reduced 121 plants per acre per borer per plant, 
so that in the presence of 12 borers per plaut 6,458 plants bore mark¬ 
etable cars. In the absence of borers, those 6,458 plants would have 
yielded 42.8 bushels of marketable gram. Since the marketable yield 
was reduced 1.87 buslicls per acre per borer per plant (tabh* 1), the 
yield was 30.0 buslicls in me presence of 12 borers. Hence tlie yield 
was reduced 12.8 bushels and the size of the ears 29.9 percent owing 
to smaller ears on all the plants bearing marketable ears. 

By similar calculation it may be shown that the size of the ears of 
the hybrids and the opon-polliuatcd varieties was reduced 30.5 and 
29.5 percent, respectively. 

Since the marketable yields of Clarage, the hybrids, and the open- 
pollinated varieties were reduced, respectively, 1.87, 2.53, and 2.45 
bushels per acre per borer per plant, an average of 12 borers per plant 
would reduce the yield 22.4, 30.4, and 29.4 bushels per acre, respec¬ 
tively. In the absence of borers a plant bearing a marketable ear 
averaged 0.006624, 0.008983, and 0.007838 bushel for the respective 
groups. Therefore, the total reduction in marketable yield due to 12 
borers per plant was equivalent to the yield in the absence of borers 
of 3,382 plants of Clarage, 3,384 plants of the hybrids, and 3,751 
plants of the open-pollinated varieties. Tlicsc totals, calculated by 
another metliod, are given in table 2. 


BELATIVB BORER PAHAGE TO DIFFERENT STRAINS 

From the foregoing data it appeal's that the total reduction in 
marketable yield per acre per borer per plant was equivalent to the 
normal yield of an average of about 292 hybrid or open-pollinated 
plants, and that the size of the marketable ears of bom the hybrids 
and the 'Open-poUinated varieties was reduced on an average about 
2.50 percent per borer per plant. . 

Although the total reduction in marketable yield due to 12 borers 
per plant was equivalent to the normal yield of about the same num- 
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bor of hybrid and opcu-pollinatod plants, the loss of tho hybrids was 
equivalent to the normal yield of 3,384 plants, which is 36.93 percent 
of 9,418, the number of plants bearing marketable ears in the absence 
of borers, whereas the losses of Garage and the open-pollinated group 
were equivalent to 42.76 and 44.48 percent, respectively, of the normal 
yi(‘ld. The loss for th<i hybrids was 2.99 percent per borer per plant 
as compared with 3.56 percent for Clarage and 3.71 percent for the 
open-pollinated group, or an average of 3.64 percent. Hence the 
hybrids were more tolerant to the borer than the open-pollinated 
varieties in that a given number of borers caused about five-sixths as 
much loss of yield to the former as to the latter. This advantage was 
due to the difference in the rate of increase in the number of earless 
plants and those bearing unmarketable ears per acre per borer per 
plant. For the hybrids the increases were 29 and 32 {Hants, respec¬ 
tively, as (*ompared with 72 and 77 for the open-pollinated plants on 
the same plantings. In coirelation witli ilu'se lower rates of increase, 
the hybrids in th(‘ absence of borers would have had a smaller number 
of earless plants and plants bearing unmarketable ears and a corres- 
poiulingly larger number of plants bearing marketable ears. The 
hybrids would have had 9,418 plants per acre bearing marketable 
ears in the abs(‘nce of borers as compared with 7,910 plants of Garage 
and 8,433 plants of the open-pollinated ^oup. All these differences 
between the hybrids and the open-pollinated group are shown in 
figure 1. 

Tlie greater tolerance of the hybrids over the open-pollinated group 
may be shown as due to a given number of borera causing a smaller 
number of plants to become earless or to bear unmarketable ears, 
and not to a higher level of performance in the absence of borera. 
If the hybrids had lost tin* yield fi-om as many plants bearing market- 
ahl<» eare as was lost by Clarage and the open-pollinat(‘d group, the 
loss would have been 14.6 bushels per acre from an average of 1,620 
plants. The hybrids, then, woidd have had only 7,798 plants bearing 
marketable ears in the presence of 12 borers per plant. This number 
of plants would have yielded 70.0 bushels in the absence of borera. 
Since* the size of the earn was reduc«*d 30.6 percent by 12 borers per 

E lant, the yield of 7,798 plants would have been reduced 21.4 bushels 
y the smaller eara on all plants bearing marketable ears. The total 
reduction in yield would have been 36.0 busliels, which is 42.6 percent 
of 84.6 bushels, the yield in the absence of borers, or 3.65 percent {)er 
borer per plant. This loss is about as much as was suffered by 
Clarage and the open-pollinated group, even though the hvbri(fs 
woul(l have had more plants bearing marketable (*are in the absence 
of borers. 

EFFECT OF BORER POPULATION ON BREAKAGE OF THE CORN 

PLANT 

The effect of different levels of corn borer pop^ation on the break¬ 
age of com plants through feeding and tunneling within tlie stalk 
was a study incidental to the determination of the reduction in the 
amount and quality of the yield. A thorough study of the com¬ 
parative ability of different strains to stand up under given borer 
populations requires the taking of data at intervals during Ae harvest 
season, especimly after heavy winds. This was not possible in the 
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present study, but it is believed that data from the Clarage variety 
taken from five localities during 4 years are fairlv representative of 
an open-pollinated variety at harvest. It is believed also that 
sufficient data have been accumulated on open-pollinated varieties 
as a group and on hybrids to justify a comparison of the two groups. 

COLLECTION AND CALCULATION OP DATA 

Just before the harvest, during the last week of September and the 
first 2 weeks of October, the number of plants broken above the ear 
and the luunber broken below the ear were recorded for each plot. 
A plant broken both above and below the ear was recorded as broken 
below the ear. All bn^aks other than broken tassels wen' recordc'd, 
whatever the cause. The total number of plants per plot and the 
number of borera per plant at each infestation level were taken from 
the data used in the study of the qualitv and yi(*ld of the corn care. 

For the Clarage variety the number of plants broken below the (‘ar 
was combinc'd with the niunber broken above the ear to obtain the 
total number of broken plants, and the percentages of th<‘ plants 
broken were then calculated (table 8). Data from four levels of 
infestation from two plantings and five levels from nine jilantings 
are given in table 3. Mean values are given for the plantings ^^ith 
five levels of infestation. For the groups of hybrids and of open- 
pollinated varieties complete data were obtained only on the number 
broken below the ear (table 4). 

BREAKAGE OF CLARAGE AT VARIOUS INFESTATION LEVEIil 

For the Clarage variety it may be noted in table 3 that, as the num¬ 
ber of borers per plant increased, both the total percentage of broken 
plants and the percentage of plants broken below the ear likewis** 
increased. When the mean percentage' of each variable' was plotted 
against the average number of bore'rs pe'r plant for the' five* leve*ls of 
infestation, a smooth curve ceiuld be passe'd through the points, as 
shown in figure 2. This e'urvilinear relation would necessarily follow 
from the way the data were taken. The ruimbe'r of broke'ii plants, not 
thci number of breaks pe'r plant, was re*cordeel. The ratio of the mean 
percentage of plants broken be'low the ear to the mean total pt'rcentage 
of broken plants, given in table 3, was about constant lor the five 
levels of borer population, and averaged 59.0 percent 

COMPARISON OF BREAKAGE IN HYBRIDS AND OPEN-POLLINATED VARIETIES 

The average breakage of hybrids is comparc'd with that of open- 
pollinated varieti(*s in table 4, and the curved lini's in figure 3 are 
fitted to these data. It may be noted, by extending the curves to the 
left, that about 3.5 percent of Uie hybrid plants and 10.5 jiercent of 
the open^olliuated plants would have be(*n broken in the absi'uce of 
borers. The curves also show that about 14.6 and 20.0 percent of the 

S lants, respectively, were broken at a level of seven borers. Seven 
orers per plant would therefore have caused the breakage of 11.0 
percent of the hybrid plants and 9.5 percent of the open-pollinated 
plants, ^ce the difference of 1.5 percent is of no practical importance, 
seven borers would have caused the breakage of an average of 10.3 
percent of the plants, or 1.47 percent per borer per plant. In the 
absence of borers about 7.0 percent more of the open-pollinated than 




Table 3. —Breakage oj plants of Clarage corn at different levels of population of the European corn borer, northwestern Ohio, 1929-32 
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Figure 2. -Total percentage of broken plants (a) and percentage of plants 
broken lx>low the ear (6) at different levels of Ixirer infestation in the Clarage 
variety of corn. 



Figure 3. —Percentage of plants broken below the ear of open-pollinated (a) 
and hybrid (fr) strains of com at different levels of borer infestation. 
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of the hybrid plants would have been broken, and at a level of seven 
borers about 5.5 percent more, indicating that the hybrids were the 
more tolerant with respect to breakage. This was true, however, 
only because they stood up better without breakage in the absence of 
borers. 

SUMMARY 

The amoimt of injury to the q^uality and yield ot the ears of field 
com and the breakage of the stalks by infestations of the European 
corn borer (Pyrausta nuhiUdis (Hbn.)) were determined for hybrids 
and for the Clarage variety and other opc'U-polliiiated varieties in 
Ohio from 1929 to 1933. The various strains were subjected to 
different known levels of borer population induced by placing egg 
masses on the plants by hand. The regrc^ssion of the fa(‘tors studied 
on the borer population per plant was d('termiiied. 

The reduction in the marketable yield occim^ed through an increase 
in the number of earless plants and plants bearing unmarketable' ('ai*s 
and through a reduction in the size of the ear on all the plants bewaring 
marketable earn. 

The total reduction in niarkeiabh' yield per acre per borer per plant 
was equivalent to the vield of about 292 hybrid or opeiwKillinated 
plants bearing marketable ears in the absence of borers. Tlu' size of 
the marketable ears was reduced about 2.50 percent per borer ])er 
plant in both the hybrids and the open-pollinated varieti('s. 

Oil the basis of th(* marketable yield in the absence of hoi-el's, the 
marketable yield of the hybrids was reduced 2.99 percent and that of 
the open-pollinated varieties 3.04 percent p(»r bortT pc'i- plant. The 
hybrids were therc'fore more tolerant to the borer than th(' open- 
pollinated varieties. This advantage was due to the difference in the 
rate of increase per borer per plant in the iiumbcT of c'arli'ss plants 
and of plants bearing unmarketable (‘ars p(»r acre. 

About 3.5 percent of the hybrid plants and 10.5 percent of the' open- 
pollinated plants would have been broken below the ear in the absence 
of borers. Up to sevi'ii borei-s per plant the percentage* of plants 
broken below the ear of both types of plants incre'ased at the' rate of 
about 1.47 per borer per plant. The hybrid plants therefore showed 
less breakage in the presence ol borers only because tli(\v stood up 
better without breakage in the absence of boners. 

In the Clarage vari(»ty 59.0 percent of all broken plants, excluding 
broken tassels, were liroken below the ear on plants infest(‘d at levels 
up to 10 borers per plant. 
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INHERITANCE OP RUST REACTION IN A CROSS 
BETWEEN THE FLAX VARIETIES 
BUDA AND J. W. S. > 

By H. H. Flor 

PathohMjiHtf DiViHion oj (Unal Ciopx and Dibeases, Puteau of Plant Indunhy^ 
Vndtd Staff it Department of AqucuUuk 

INTRODUCTION 

Tho discovery of physiolopc specialization in Mdampttora litti 
(Pers.) 1 j6v. ill North and South America and in Europe {3, 4} 13, ISY 
has complicated the study of iactors conditioning; rust reaction in 
cultivated flax {Linim uttitafiMHtmvm L.) as well as the development 
of rust-resistant varieties. On the basis of the reaction of 13 varieties 
of flax, 32 physiologic races liave been differentiated, 24 from North 
and South America (4) and 8 from Europe (Ijg). No variety is known 
to be immune from all the physiologic races, but 2 or more of thi* 
differential varieties are immune from any one race (4)- 

Henry (9) reported that an Argentine sele<‘tion and lh(» varieties 
Bombay and Ottawa 770B were immune from several collections of 
flax rust from North Amc^rica and one from Europe. In a study of 
the inheritance of immunity from a North American collection of rust, 
in crosses involving tliese varieties, he found that immunity was con- 
ditioncHi by a single* dominant factor in the varieties Bombay and 
Ottawa 770B and by either of two dominant factors in the Ai-gentine 
selections. Myers (10) studied the inheritance of reaction to a field 
collection of flax rust and to a sii^];le physiologic race in 37 crosses 
involving 17 varieties or strains of flax. lie found that reaction to 
both the collection and to the single physiologic race*, exce»pt for minor 
diffe're'iice'S preibaldy attributable to emvironnumt, was similar anel 
that he ceiulel accouiit for the inlie'ritane*e e)f immunity, near immunity, 
and resistance* in the varieties he studieel by assuming facteir's in two 
alle*lic se*rie*s, L anel Af, L anel Af were* demiinant duplicate factors 
conditieming immunity; anel /a” were* hypeistatic to L anel A1 and 
conditioned near immunity; and ^ anel th/ we're hypostatic to L and M 
and /" and w" and conelitioneel re'sistance. He was unable to interpret 
on a factorial basis se'gre'gations of eTOsse's involving the* varie*tie*8 he* 
elesignate*d as st'miresistant, e*xci'pt by disre*gardmg the eliffe*re'nce 
be*twe*en semire'sistance and susceptibility in the progeuiy. With the 
exception of Bombay, whiedi is susceptible to rae*e 24, all the* varie*1ie*s 
stuelieel by both He'ilry and Mye'rs were susceptible te> race* 22. 

No studie's have been maele'in flax in whicli a variety re'sistant to 
one physiologic race eif the* rust fungus anel suscejitible tei anothe'r 
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£x|M*rinient Htal ion and the Division of (Vical Crops and Diseases, Bureau of 1'lant Industry, I S De|>art- 
mon! of Agrirultun* _ ^ 

• Italic numlN^rs in parenthese^ rch*r to I-Rerature Cited, p 387 

Journal of Agricultural Research, 

Washington, D. C. 


Vol 63, No 7 
Oct 1,1941 
Kc> No. (1-1221 


420:t72 41 


1 


( 369 ) 








370 JmmaJ of Agricuitvral Research voi. 03 , No 7 

rac(‘ lias boon (toss(*<1 with unothor vari(»ty r<‘actiii|? iu a r(»v(*i’S(* inan- 
iior to the two races. Such studies made with wheat varieties, 
involving resistance to P'uccinia grarninis fritivi Eriks, and Heini., 
liave shown that it is possible to obtain hybrids homozygous for 
resistance to both races, others liomozygoiis for susccptibilily to both 
races, and still othei*s that rea«‘t like the parent varieties (h*, 7, S, 
tl). Aamodt (i), however, found that the Iactoi*s for susceptibility, 
to physiologic race 1 of P. graminis Iritici in Manpus, for moderate^ 
resistance in Kota, and for immunity in Kanred were allelic, (loiildeii, 
Neatby, and Welsh (/7) concluded that the Marcpiis factors for high 
resistance to race* 14 of /^. gramihis tritici wert* allelomorphic to th(‘ 
H-44 24 factors for moderate* resistance to race 21, so that it was 
impossible to obtain a hybriel combining the* r(‘sislanc(* of both parents 
to these two races. 

The original object of the present study was to determine the* 
inheritance of factors conditioning rust r(*action in a (Toss b(*t\v(»(*n 
two varieties of flax used to dilferentiate ])hysiologic race's of the flax 
rust fungus and known to react reversely with re'spe'ed to immunity 
and susci*ptibility to physiologic races 4 and 7. The iin e'stigatieni 
was expanded to include a study eif the inhe'ritance eif aelelitieuial type's 
of rust redaction involving physiologic race's to which (1) both pare*nts 
we're immune; (2) one' pare'iit was iininime* and the othe*r (a) re'sistant, 
(b) semire'sistaut, (c) mode'ratc'ly suse*eptible', e>r (d) siise’eptible*; CU 
one parent was susceptible and the oth(*r moele'rately susc*'ptible; anel 
(4) both pare'iits were suse*eplible*. The work was elone* at the* North 
l)akota Agricultural Expe*riment Station, P^irgo, N. Dak. 

MATERIAL AND METHODS 

Among the' creisse's made 111 the greenhouse' in HKM, in\ol\nii* the* 
varietie's then being use'el to dilferentiate the* |)hysie>logic rae-rs e)f 
Melampsora was one* bet^^e'i'ii Buda ((\ 1.^ 270 1) anel J. W. S. 
(C. I. 70S-1). Buela is susceptible* te) rae*e 4 anel immune' from race* 
7, and J. W. S. is immiine frenn race 4 anel siisce'ptilde te) rae'e 7. 

Table 1 .—Keactwn of Buda and J. U” S. to J'f rhifsnlogic tans nl Iht flax nisi 

fungus 


Vain t\ 


Buda 


J. W. S 


Rf'tU'tlOll I to pllNMOlopiC 1 . 1(1 


I 1. 'i ti H) M 11, 17, 2 12, 1,s m. 

and JI IM and 2e dficl 2t .uul 22 

I 


w dii(l a* .wkI 
11 21 


I B4.t(, K- su I 'S s 

I 1 1,11 


I ‘hK I 

"I ^ 


s 

s 


t I»imtnuuo. HH—hijfhh risistant H—nsmtant R—iiioihratt ]\ nsistant *«K*-s( nun sisi mi 
S“—moderately susi(‘ptiH(, and s. susd ittihle 


The rc'uction of the t\io pare'iital ^arie*tie's is sheiwn in table 1. 
The varie'ty J. W. S. is either immune from or susceptible* te> e*ach of 
thur24 physiologic race's of the flax rust fungus that have be'en ich'iitifie'd 
fn)m North anel South America. No difficulty has be'e'ii expe*rie'nce*el 
in dete'rmining its reae*tion eve'ii uiide'r adve*rjfe* cemditions for growth 
of flax. On the oihe*r hanel, the reaction of Buela to diffe'i-ent physiei- 


^ C. I. refers to ace ‘ssion nuiiil>oi ol the Division of (Vreal ('rops and I)isi>ns( s. 
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logic races ranges from iiiiinimity, through the iiitcTinediate sUig(‘s, 
to susceptibility. Not only is the raug(‘ of reaction of Buda extrc'inely 
wide, but the intiTinediate reivction types are sensitive to environ¬ 
mental conditions, so that it is necessary to exercise caution in in¬ 
terpreting rt'sidls. Environmental conditions that affect adversely 
the gi'owth and vigor of the flax plant also depress rust development. 

All phases of the' tests were conductiul in the greenhouse during 
the late fall, winter, and early spring of the years J9It4 to in- 
<*lusive. Insects wen* kept und(*r control at all times, and no evidence 
of natural crossing between the flax vari(*ti(*s in the p'e(*nhous(* was 
observ(*d. Early in these investigations it be(‘aine <‘videut that 
consistent rust readings could be obtained only on vigorously growing 
plants of about the sanu* age, grown under similar environmental 
(conditions. Topsoil (Fargo clay) from the ('X|>eriinent station fields 
was found superior to numerous variations of tojisoil, sand, and 
(compost, and it was us(*d (*xclusively in lh(*se trials. The* same soil 
was iis(*(l r(*peat(*dly througirout the y(*ar but was st(*am(*d for 2 
hours at 15 pounds' pn*ssure prior to (*ach sowing. As the study 
progr(*ss(Ml, it was found that flax si'cdlings growing und(»r tin* low 
light intensifi(*s and short days that prevail during the wintc'r months 
w(*r(‘ more thrifty if tin* gr(*(‘!diouse t(unp(*rat‘ur(* was r(»latively low 
and the soil rath(‘r dry. A flight temp(*rature of 55^ to 90° F. and a 
day temperature of 90° to 70° were found to be most satisfactory. 
A 19-hour light day was maiiitain(*d by suppl(*mental illumination 
from 200-watt Mazda lamps during the p(*riod of pustule formation. 

Pr(*rnninary t(*sts had (l(*monstrat(*(l that as many as fiv(* (lax 
))lants (*ould lx* grown to maturity in a single 9-in(*h pot and that 
tlx'se plants w’ould |)r(xluc(* suflici(*nl s(*(*d for a statistical analysis of 
the pr()g(*ni(*s. Thr(*(* F] s(*e(ls w’(*r(* sown |X‘r pot and fiv(* Fj s(*(*(ls. 
Two sets of Fj iilants were includ(*d in th(*sf* t(*sts. Each Fo plant 
grown during tlx* wint(*r of 1995 99 was inocidatf'd with physiologi(c 
ra(C(»s 4 and 7. In addition, some of the Fj plants in this seri(*s wnre 
subs(*(ju(*ntly iiuxculatf'd with rac(* 9, 19, 19, or 20. Those grown 
during tlx* winti*r of 1999 97 wore in(xculat(*(l with physiologic rac('s 
9, 4, aixl 7. Tlx* two F^ plants that sup])li(*d the F.. s(*(*d us(*d in 
1999 97 were (lifl'(*r(*nt from the plants that supplied the s(*ed used 
the |)revious y(*ar. K(*cipr(xcal cross(*s wnre studif'd, but since tlx* 
(li(ri*renc('s in the ivaction of the prog(*ni(*s were not statistically 
Mgnili(cant, tlx* data hav(* b(*en combiixxl. 

Exc(»pt for minor variations, the methods of inoeidation pr(»viously 
dev(*lop(*d (8) for tlx* physiologic-race inv('stigations wen* us(*(l 
throughout tlx*se t(»sts. Tlx* iiivfliospon* inoculum of (»ach rac(* w^as 
iixcr(*as(*d on a susceptible variety, and the spor(*s wen* <*oll(*cte(l in 
glass vials and stonxl at 4° (’. \\1x'n the s(*(‘dlings W(*ri’ 2 i-o 9 iix*lx*s 

tall and had 9 to 10 l(»av(*s lhc*y w'(*re inoculat(*d by dusting uivdio- 
spon's, with a cam(*rs-hair brush, on tlx* unfolding I(*avi*s of the 
t(*rminal bud. The plants wen* placed in a moist chamber, spray(*d, 
and incubat(*d overnight (IS hours) and n*turix*d to the gn*(*nhouse 
bench. Pustuh's broke the epidermis of suseeptibk* varieti(*s about 
10 days after inoculation. In these trials it was possible to t(*st ('ach 
plant w’ith from tw'o to five physiologic rac('s by reiixx'ulating tlx* 
plants with diff(*rent rac(*s at intervals of 7 to S days and picking off 
tlx* leav(»s previously inoculated as soon us tlx* rust had developc'd 
suflici(*ntly to differentiate the type of pustuk*. Tlx* type of inh'ction 
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produced on each plant was recorded and the plant tagged with 
colored yam indicating a definite reaction to a specific race of rust. 

As a result of severe rust infection, susceptible seedluigs, if not 
killed directly, are weakened and often die before they matiin* seed. 
Since it was desired to obtain seed from each F2 plant, care was taken 
to apply the inoculum to only a few leaves. These were less heavily 
inoculated than was customary in making physiologic-race det<‘r- 
minatioiis or in the subsequent tests of F3 lines. Despite thc»se pre¬ 
cautions, some of the ¥2 plants were so severely injured by the first 
test with a race to which they were susceptible that subsequent tests, 
with races to which tliey were resistant, were inaccurate. This 
difficulty was circumvented in the tests of the F^ lines by using the 
races to which both parents were resistant in the earlier inoculations. 
The plants thus maintained a more normal growth, and complications 
due to reinfection were largely avoided. 

Tests of Fj lines were conducted in the same manner as were those 
of the F 2 lines ('xcept that eight plants were grown in a 4-inch pot, 
because it was usually not necessary to grow the plants to maturity. 
Four pots sown with eight 8 (‘eda per pot formed the unit in testing F 3 
lines. When doubt existed as to the accuracy or suffici(*ucy of the 
test, additional units were sown if seed was available^ In some cases 
checks on the accuracy of the F 3 rust readings were made by growing 
the Fa plant to maturity and determining the rust reaction of the F 4 
progeny. 

For classiWing rust reaction of flax plants, Mycus {10) devised a key 
comprised of 11 classes, from 0 to 10 inclusive, basecl upon extent and 
type of infection. However, he was unable to follow it consistently 
in interpreting his results. For instance, secul from tin* Bison panuil 
produced plants that ranged in reaction from class 2 to class 10 but 
gave no evidence of segregation. He stated that his class 4 and 5 
reaction (seniiresistant) was not very sharply diff(‘rentiated geneticallv 
from the susceptible. To give a factorial interpretation of liis 
results, he found it necessary to group classes 5 to 10 or H to 10 togethcM* 
as susceptible and classes i, 2 , and as resistant. The inclusion of 
extemt of infection in his classification appc'ars to have accentual eel 
difficulties in classifying the reaction of the individual plants grown 
under greenhouse conditions. 

The following key to classes of host reaction and infection lyp(‘s as 
used in differentiating physiologic races of Mela m psora I ini (S) served 
as a guide for classifying the rust reaction of the individual plants in 

7)fprti of mat laffchon 

- (0) No uredia developed; hypersensitive flecks or 
necrotic lesions usually proHent, hut soine- 
/ times there is no evidence of infection. 

((1> Uredia minute to small, rarely exlendinR 
through the leaf, usually distinct and scat¬ 
tered in chlorotic to necrotic areas, but in 
some cases pustule formation is not accom¬ 
panied by either chlorosis (»r necrosis of the 
surrounding leaf tissue 

(2) Uredia small to medium, associated with dis¬ 
tinct necrosis of the leaf; may be* scat1erc*d 
or may form crust like aggregations in 
necrotic arenas; if isolated, usually are sur¬ 
rounded by a necrotic zone. 


the present tests. 

Classes of host reaction. 
Nearly immune _. 


Resistant.. 
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Classen of hont reaction—(Continued. Typen of ruft mfecomi 

iScmirobistanl (3—) Uredla variaide; heavily inoeulated areas 

necrotic, with arrested pustule develop¬ 
ment; medium to lar((e puntiiles produced in 
healthy tissue adjacent to necrotic areas; 
piintulen on stem and cotyledons small but 
with no e\idence of hypersensitiveness. 
Motlerately sunceptible (3) I redia medium to lar^e; well-developed but 

not com])ound; usually extending through 
the leaf to both surfaces; development nome- 
^hat retarded on older leaves and in heavily 
infected ))ort ions of the younger leaves; tissues 
adjacent to iiredia may become more or less 
chlorotic as the puslules mature. 

SuKct*ptible (4) Tredia large and, if isolated, usually compound, 

ext ending through leaf to both surfaces; at 
first leaves show little chloiosis but later may 
become chlorotic and die prematurely. 

In this k(‘y, the reaction class is determined by the type of pustule. 
In th(‘ subdivisions of the classes of host reaction, such as highly 
resistant, moderately resistant, moderatelv susceptible, and suscepti¬ 
ble, <*onsideration is given to the extent of inflection as manifested by 
the relative number, size, and sporulation of pustules. 

EXPERIMENTAL RESULTS 

REACTION OF Fi PlaANTS AND PROGENY OF PARENT PLANTS 

The Fi plants of Buda X d. W. S. were immune from races 4 and 
7 of Mclampaora lini, indicating that the factors conditioning immunity 
wcTe dominant in thc'se varieties, as wc'll as those studied by Henry 
(9) and Myers {!()), Seed from the parent plants usc'd in making the 
crosses also was test<‘d. That from the Buda parent was honmzygous 
for suscc*|)tihility to race 4 and for immunity from race 7, while that 
from the' J. W. S. parent was homozygous for immunity from race 4 
and for susceptibility to race 7. 

REACTION OF F- PL4NTS TO RAC'ES 4 AND 7 

The Fi plants grown in the grt‘(*nhouse during the winter of 193r> *M\ 
ar(‘ c‘lassificHl in table 2 according to their ivaction to races 4 and 7 


Tmile 2 Rvactwn of Fi plants oj liuda v J ir. to physiologic tares ^ and ? 

of thefiajt fast fungus 



1*7 plants slum Ilia induated leartion to lace 7'3 

Keaetioii of F; plants to raw 4 > 

liiiniiini 

Resist lUit 

SusceptitiU 1 

'\ otal 

] til mum 

SiisaiUihlt 

* SnmttiT 
209 
Hh 

\timtttr 

IS 

0 

A M 1 

"1 

2h0 

HK 

Total 

297 

Ih 1 


.US 


' X ^ for 3 ininiuno 1 sawi>i)tiblo to rwi* 4*0 OIM, i*«0 90 to 0 9fl 
^ X ^ for 3 iniinuno 1 not imroiinp from raw* 7*19 Hh, P 0 01 
’ X * for Ifi n'sistnnl and immune J susreptiWe to raw* 7-fi 207, P • 0 01 


of Melampmra Uni, Rc^sults obtained from t(*sts with rac(»s S, 13, 
19, and 20 wore not sufTiciently informative to warrant tabulation. 
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Each of ]()5 Fj plants tested was immiim* fioin race 20. All plants 
tost(‘(l rouc'tod th(' sttinr lo race* 19 as to race* 4. Trsts with races 
arul l.S were not satisfactory, as the plants bad become too old to 
consistently differentiate interinediate infc*ction types. 

A single\loir)inant factor conditions immunity from race 4 in this 
cross as the segregation of 2(50 immune to SS susceptibh^ Fj plants 
approximates a to I ratio, P lying between 0.90 and 0.95. Appar¬ 
ently, a modifying factor was involved in the reaction to race 7, as 
some plants were distinctly resistant to this race, while others were 
either immune or suscepliide. Even if all plants not immuiu^ from 
race 7 were considered as a unit, for a ratio of immune to I not im¬ 
mune P was less than 0.01. This suggested that the test of the F.. 
plants for n^action to rac<‘ 7 was not accurate, or that reaction to 
this race was conditioned by more than one factor. 

TESTS OF Fi LINES WITH RACES 1 AND 7 

The :14S F, lines of Buda X J. W. S. are classified in table accord¬ 
ing to th(‘ reaction of the progenies to races 4 and 7 of Mdampsiini 
Uni. The 88 Fa plants that were susceptible to race 4 and immune 
from rac(‘ 7 yi(»lded F^ progenies homozygous for th(‘ same* reaction. 
This confinned the accuracy of the test of the Fj plants for their 
reaction to race 4. Of the 200 lines descended froin Fj plants immuiu* 
from race 4, 175 segregated for susceptible* and immune plants and 
85 were homozygous for immunity to that race. The fit of the ob¬ 
served ratio to the theoretical 1:2:1 for reaction of the 848 F, lines 
to race 4 was e'lose, P lying between 0.95 and 0.98. 

Table 3. Itiaction ^ ol Ft hntH of Buda ^ J. It'. N. io phtfhiologic tnet^s ^ and / 

of the flax i un( fungus 

I 

r*ni('ntal F filanls I F, proKriiM's hn\ iiip fi mwIidii ti» i.ufs I .iinl 7 



RoHctKin to 
r«<x* 1 

\I1 I (IIUI* 

1 ' 

I and > ni(x 

• 1 1 

1 

Alls 
(raco 4) 

\iiiiiN r 1 

— 


- 


1 


“l 

“ 

1 

__ 1 

4 

7 

Aim 
(rare 7) 

R,SH, 

S 

(race?) 

MIS 1 
(ratr 7) 

1 tiiul 1, K. 

K SK.S 

(nui* 7) 1 (raw 7) 

I and 1 
S 

(ran 71 

\ni 
^rari 71 

1 

1 



Number 

1 1 1 ' 

Nil mtter Nu mint i Nu mbt ri \ u mht i 
! J.1 j 57 77 

\itmhir\ \umber 

2IMI 1 

1 

I 

\ 21 

11 

. 

IK 1 

1 

K 1 

1 

IS 

1 

1 1 

1 

--- 


^ 1 



(I 

27 1 

1 



KK 1 

S 

' I 



1 

1 1 1 
_ 1 

1 

KK 

I'crt.-ll obMTVt (1 * 



21 

37 ' 

’ 27 1 

1 57 1 77 ' 

41 1 

88 

Kxixrtod, 1:2.1 :L» 4.2:4 

- 


21 7» 

43 5 1 

1 21 75 

1 13 5 1 K7 

U 5 1 

S7 

Obmrvrd * 



21 

37 

27 



SK 

ExprclHl. 1 2.l.(i.2:( 



21.75 

43.5 1 

1 21.75 

1 130 5 ' 

43 5 1 

87 

Obsirwfl» 




KT) 


1 175 


i 88 

Kxixu'b'd, 1 2.1 

- 

- 


87 


1 174 


67 

• S(x> frKitnote 1, tablo 1. 
*x*-7 7SS; jP*0.20lo 0.3(1. 









<x*»r2.j)J3; P«0.701o0.80. 
« x^»0.Qn3; P«-0.9r> lo 0 98 










Tlio progeny of each of the 61 F 2 plants that^had not been immune 
from race 7 was homozygous for immunity from race 4 and for some 
degree of susceptibility to race 7. In addition, the i)rogenies of 34 
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of the 209 F 2 plants that had been classed asiininiine from both races 
4 and 7 were immune from rare 4 and were either homozygous for 
resistance or segregated for resistance, semiresislance, and* suscepti¬ 
bility to race 7. These M plants had resisted infection probably 
because of the use of insufficient inoculum and because of tlie adverse 
effect on the vigor of the host of low ligld intensity dunng a prolonged 
cold period wlien the glass of the greenhouse was continuously coated 
with frost. The |)r(igenies of 6 of the Fy plants that liad been 
classed as susceptible to race 7 segregated for susceptible and resistant 
to semiresistant plants. Apparently the factor conditioning resistance 
to race 7 in this cross w'as not completely dominant and was sensitive 
to environment, a.s the reaction of heterozygous plants sometimes 
ap|)roached the moderately susceptible. ()f the Fg lines that 
w'ere iKunozygous for immunity from race 4, 27 w’ere homozygous for 
susceptibility, 1^7 segregated for suscej)tible, semiresistant, and 
resistant plants, and 21 w^ere pure for resistatice to race 7. 

The 175 F.i lines heterozygous for reaction to race 4 w'ere hetero¬ 
zygous also for reaction to race 7. All plants of 41 lines w'ere either 
susceptible to one race and immune from the other or immune from 
both. Kach of the remaining 184 lines contained plants having a dis¬ 
tinctly resistant reaction to race 7. In 77 of these lines one or more 
plants were highly susce|)tihle to race 7, and in the remaining 57 lines 
all plants were either resistant or iiiinmne. Since each of the 10,540 
F, |)lants as well as each of the 84S Fj plants tested was immune from 
either race 4 or race 7 or from both, the factors conditioning immunity 
from race 4 in J.W.S. and from ra<*e 7 in Buda apparently were in 
one allelic series. 

Thes(» results suggest that Buda also carries a factor for resistance 
to race 7, independent of and hypostatic to the immune factor. If 
this hypothesis is correct, the ratio of Ft lines for reaction to race 7 
would appro.ximatc 1 resistant to 2 resistant and susceptible to 1 
susce])tible to 2 immune and resistant to 4 immune, resistant, and 
suscei)tible to 2 immune and susceptible to 4 immune. 

The fit of the observed ratio to the theoretical w'as good (table 8), 
F lying between 0.20 and 0.80. The greatest deviation from the 
theoretical distribution was in groups heterozygous to race 4 and con¬ 
taining plants having a resistant reaction to race 7. There were too 
many lines containing only resistant and immune plants and too few 
having susceptible, resistant, and immune plants. The criterion for 
separation of these 2 groups was the occurrence of plants susceptible 
to race 7. In a sample of 82 plants the theoretical distribution for 
reaction to race 7 in one group was 8 resistant to 24 inmiuno aruj in 
the other, 2 susceptible to t) resistant to 24 immune. The theoretical 
expectation of obtaining no susceptible plant in a random sample of 
82 from the latter group is 0.134. Therefore, it is probable that ap¬ 
proximately 11 of the 57 F .1 lines that had only resistant and inmiune 
plants when tested writh race 7 would have had susceptible individuals 
had a larger sample been used. This is indicated by the close apj)n>ach 
to the theoretical ratio of Fj lines when these 2 groups are combined. 
P for a 1:2:1:6:2:4 distribution lies between 0.70 and 0.80. 

REACTION OF Fj PLANTS TO RA('ES », 4, AND 7 

Tests of some of the Fg lines susceptible to race 4 indicated a segi’e- 
gation for resistance and susceptibility to race 3. As adequate seed 
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for additional tests of a number of the Fj lines was not available, a 
second series of infection studies was made in which races 3, 4, and 7 
were used on 237 Fj plante. The results are shown in table 4. 

As in the first series of infection studies, the fit of the plants to a 
ratio of 3 immune to 1 susceptible to race 4 was good, P lying between 
0.30 and 0.50. The inoculation with race 4 preceded that with race 
3, and os a consequence all plants hi any degree susceptible to the 
latter race had been weakened by the attack of race 4 and the sub¬ 
sequent stripping of infected leaves. This fact, together with the hi- 
creased age of the plants at the tune of inoculation and the adverse 
climatic conditions that prevailed during the period that race 3 devel¬ 
oped m the plants, obscured differences m infection types. Tlie segre¬ 
gation for intennediate reaction to race 3 was hulefiiiite, but all plants 
that had been susceptible to race 4 were attacked in varying degrees 
of severity by race 3, and all that had been immune from race 4 were 
also immune from race 3. 

Tlie test of the F* plants witli race 7, although not whoUy satisfac¬ 
tory, was better than the earlier one. The fit for a ratio of 15 im¬ 
mune and resistant to 1 susceptible was satisfactory, P lyuig between 
0.30 and 0.50. However, P for a ratio of 12 immune to 3 resistant 
to 1 susceptible was less than 0.01. ITnIess the mfection is severe 
enough to stunt or kill susceptible plants, some that are intermediate 
in reaction to race 7 apparently escape or resist infection. 

Table 4. -Comlaiion table showing uadton ol Ft plants of Hilda '> J 11’ S to 
physiologic lacis ,t, 4, and 7 of the flax rust lungits 


h 2 plants haviiiK iiidicaUd n ar ti»u I» 


1 



Kate 

7* 


Race t 

1 

Ha(«* 4 ^ 

I 

1 SR to K 

s 

1 otal 

1 


Vwmftfr 

JKumfur 

Numtur 

\umtHr 

I ' 

I 

110 

1 

IK 

173 

U- lo S- 1 


JS 

1 


2S 

b 1 

s 

3h 



3(i 

Total 1 


201 j 

1 11 

IS 

237 


> Spf footnote 1, tabk 1 

*X*for31 lStorace4*0 508,i'-0 10t«« W 
J X* for 11J and SR lo 11 1 b to ran 7»0 bl2 /*-0 W to 0 W 

TESTS OF Fi LINES WITH RACES 3. 4, AND 7 

The rust reaction of 26 to 157 plants from each of the 236 F, lines 
was determmed by successive inocxdation witli races 3, 4, and 7 as 
previously outlined. Adverse growing conditions, especially during 
Januaiy and February, intcrfereil with the accurate readmg of inter¬ 
mediate reaction to races 3 and 7. Later, during the spring months, 
when conditions in the greenhouse were more iavorablc for growth 
of the host and for rust development, tests of lin<>& having plants of 
doubtful reactions were repeat(*d, and satisfactory results were ob¬ 
tained. When groupeil according to the diversity of reaction of each 
Fs progeny to races 3, 4, and 7, the 236 Fj lining fall into the 9 classes 
listed m table 5. 
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Table 5.- Reaction ^ of Fi lines of Buda X W". *S. to physiologic races 3,4i ond 7 

of the flax rnst fungus 


Reaction of F| iilants to | 

- I ! Fj lines 

Race 3 I Uac(‘ 4 \ Kais^ 7 


H, SK,R 
S, SR. R 
s, SR 

'J'nfal 

I 


'I citul 


'1 (itfll 

(rrand total 


I I 


P'i plants 


NvmhfT Iv limber 
22 ' 910 

2 .% 
KAt) 

IS I Mb 


I. R- 
SR. R , 1 
s 




123 

1 ? 

21 

17 

«| 

23f> I 


2.640 

20 K 

637 

273 

193 

6:10 

1. %t 
im 
229 
(»22 

1.286 

667 

7. .322 

37.1 
1 004 
320 
982 

2. t>7U 
12 Ml 


Reaction of F| plants to 


SR 

S 

SR 

S 


SR 

1 

1 

s 

SR 

T 

1 

1 

S 

I 

1 


Raci> 4 

Rhw* 7 

S 

, 

s 

I 

s 

I 

s 

I 

s 

1 

1 

I 

I 

R 

s 

I 

s 

I 

i 

I 

1 

R 

I 

h 

s 

[ 

I 

1 

1 

h 

I 

U 

1 

R 

I 


1 



« See footnote 1, table 1. 


Noiio of lh(' 12,641 plants in this tost was susroptiblo both to racT 7 
and to t'ithor of raoos 8 or 4. This fart, as well as tho behavior of 
lilt' 848 F 3 linos as prosontod in table 8 , siilistantialos tho oonolusion 
that tho faotors oonditionin^ immunity in this oidss are domiTiant and 
alh'Iio. Of th(‘ 286 Fj linos t<‘stt‘d, 64 won* Iiomozygous for susoop- 
tibility to raoo 4 and for immunity from race 7, 128 were heterozy¬ 
gous, having plants immune from botli races, and 49 were lioinozy- 
gous for immunity from race 4 and for some degree of susceptibility 
to ract* 7 . This obsorvc'd ratio fits satisfactorily tin* theoretical 
1 : 2 : 1 , P lying botwoon 0.80 and 0.50. Tho reaction of the Fj popu¬ 
lation in tin* 8 groups of linos having characloristic r<*aotion to race 4 
indicates that tho somirosistant reaction to race 8 and the resistant 
n‘action to raoo 7 are incompletely dominant to susc(‘ptil)ility (fig. 
1 , J, ( 7 , b; B, f/, b) and are conditioned by factors indopondont of and 
hypostatic to tho factors conditioning immunity. Of tho 64 linos 
suscoptibh* to race 4 and immune from race 7, 15 w(*re homozygous 
for susc(*p(ibiliiy to race 8 ; 27 were heterozygous, having both somi¬ 
rosistant and susceptible plants; and 22 wore homozygous for somi- 
rosistanco. Tho P for fit of this distribution to tho lhoor<*tioal 1 : 2:1 
lay botwoon 0.20 and 0.80. Of tho 128 linos hot<*rozygous for im¬ 
munity, 25 wore homozygous for the resistant factoi*s, as all plants not 
immune from races 8 , 4, and 7 wore oithor^somirosisiant to race* 8 
and immune from race 7 or rc^sistant to raoo 7 and immune* from race* 
3 ; 66 wore hote'rozygous for tho re*sistant factors; and 32 we*ro ho¬ 
mozygous for tlie recessive suscoptibilitv factors, p all plants not 
imniune from both race*s 8 and 7 wore oithe*i susceptible to race 8 and 
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immiitio from race 7 or suscoy)tiblt* lo rac(» 7 and immune* from rare* li, 
Tlio fit of tlio ohservod ratio of F, linos to tho oxpootod 1:2:1 for 
sogroj^ation of tho rosistaiit factor in this hot(»rozygous immnno group 
was good, P lying botwoon 0.30 and 0.50. Of tlio 49 F, linos immum* 
from raooa 3 and 4, 11 wore homozygous for rosistanco to raoo 7; 21 
w'oro hotorozygous, having both siisooptiblo and rosistant plants; and 
17 woro homozygous for susooptibility. Tho fit of tho obsorvoel ratio 
to tho oaloulatod 1 : 2 : 1 is satisfactorjr,/Myiiig botwoon 0.20 and 0.30. 

Myors (10) (‘onoliidod from his studios that a singlo dominant fa<*lor 
oonditionod immunity from a oollootion of rust and from raoi* 4 m 
Ottawa 770B and that (\ I. 43S oarriod tho samo factor for inimunil\ 
as Ottawa 770B. However, C. J. 438 is susceptible to and Ottawa 



Fkjure 1 — -R<*actinn of hoIllo/^Rouh and hotoro/Meous sojeroRatos lioiii tlu 
lobrid Biida X J. S to ph\hioloRic races3and 7, showing tho doininance of 
the imniuno factois U and IJ and tho incoinploto doininance of the losistaiit 
factor It -1, Race 3 o, /.‘/.hr, h, IJURi r, UDHli and d, L^yrr R Race 
7 a, UDrr b, c, IJIJHH and d,/J/.bi. Natnial si/e 

770B is immune from rac(*s 19 and 20; so it is pnibabh* that tho factors 
conditioning immunity in those 2 varieties are allelic rather than 
nlontical. Both Ottawa 770B and C. I. 438 woro immune from tho 
strains of rust used by Myoi-s, so that this dilTi^ronco in reaction of tho 
varieties w’as not discernible in his tests. Preliminary studies of the 
winter have indicated that the factor conditioning immunity from 18 
races, carriisl by J. W. S., is allelic to the factor of Ottawa 770B con¬ 
ditioning immunity from 23 races. Myei*s designated the pair of 
immunity factoi-s of Ottawa 770B as LL, As indicated in talJe fi, it 
is proposed to designate the factom conditioning immunity from race 
7 in Buda as U U and tin* factors conditioning immunity from race 
4 in J. W. S. as U LK The relation of the factors conditioning scmii- 
resistance to race 3, carried by Buda, to Myern^ MM aeries of allels 
(*oiulitioning rust reaction is not knowm. Until this relation is (h»- 
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Ic'rminrd, it is proposed to dcsipinlc^ tiu* s(»inimsistaiit factors carried 
by Biida as RR and the rcc('ssiv(‘ allcls in J. W. S. as //. On the basis 
of this hypothesis, the F, lines are gmiiped in table* 0 according; to the 
V 2 gc‘notvp<‘«, indicat(*d by the reaction of the F., population to rac(‘s 
4, ancf 7. Values of f«»* fit to the expected ratios for each of the* 
se'^ivjcatinj*: line*s were* (*alcula1e*el, anel the value of P was dete*rniine‘el 
feir e*ach. Of the 171 F,, line’s se*j;re*«i:atinfj: for re'ae'tioii to race*s 8 or 7, 
the P for 1 line lay be*twe*e*n 0.01 and 0.02, the P for 5 line*s lay be*twe*e*n 
0.02 and O.Oo, and the P fen* Km line*s w^as jrre*ate*r than 0.05. The* 
fe)nTiula ^iven by Fishe*r (J), \2x‘—\/2// 1, whe'ii applie*el to the 

sum of thex*^ value*sof the 171 se*«'r(*j):atinjr line*s, ^ave* a normal de*viate 
of 1.47S-f 1, sho\\ in^ that the data are in ace*e)rel with the* hypeitlie’sis. 

'I'xuLh (1 Sign gat lou fot F> gmotgpts in limUi - J U' N. nniicnird hg the 
y(actum of F{Itru s to phgsiologic urns of llit flax /) *it Jungo** 
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In table* ti is re*cord(*el the* niimbe*j of h\ line's ele*seM*nd(*d from e*ach ()f 
the thc'oretical Fj ^e*notvp(‘s, as indie'ateMi by the* rt*action ol the* F.j 
populatiein to physiole)f];fe race’s 8, 4, anel 7, anel the expe'cte'el distri- 
bution of F^ plants from e*ae*h V 2 fje'iiotype for re*action to the*se rae*e*8. 
The fit of the* F, line's to a 1:2:1:2:4:2:1:2:1 elistributiem w^as [re)od. 
For the 280 line's, P lay be'twTe'ii 0.80 anel 0 50, inelicating that the 
elata are* in a^re*e*ment wuth the hypothesis. 


KEA('T10N OF Fj (JENe)TYPKS Te) RAl^'ES DIFFERENTIATED BY BUDA AND J. W. S. 

The corre*lation of ivactiem to varienis race's of the* flax rust fungus 
was studied by inoculating plants of Feline's, wdiose* re*aetion hael be'e'ii 
succe*s8ive*lv determine*el to race's 8, 4, anel 7, with one* or more en tlie 
following race's: 1, 2, 5, 8, 9, 10, 10, 19, 20, 21, anel 22 Although 
a wide range of re'action combinations was includi'd in Uu'se ti'sts, 
tlu're was no indi(*ation of the pri'senee of factors conditioning rust 
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roaction otlier than thoso afftH'ting races 3, 4, and 7 . Since the ege 
of tlio plant influenet ‘8 the exprt'ssion of the int(>nu(>diate infection 
types, these supplemental tests on 40- to 60-day-ol(l plants were 
not strictly comparable with those of races 3, '4, and 7 on 20- to 
30-day-old plants. To obviate this, a line was selwted for study 
from each of the four genetically iliffenutt groups that were hom(v 
z^gous for factors conditioning rust reaction, as indicated by the tests 
with rac (‘8 3 and 7. Line 7, IM^IIR, was similar to the Buda parent 
and line 8 , DDrr, possessed the factors conditioning immunity from 
race 7 but lacketl the factors conditioning semiresistance to race 3 . 
Line 575, UUrr, possessed the factors conditioning immunity from 
race 4 and susceptibility to race 7 of the J. W. S. parent, and line 584, 
JJURR, had in addition to the immune factors of the W. S. parent 
the factors that conditioned serairmstance to race 3 in Buda. The 
reaction of the parents and of these four F 3 lines to a race representative 
of each group of races differeiitiated by the reaction of Buda and 
J. W. S. is given in table 7. 

Table 7.— reaction toO physiologic racea of the flax tust funyu*t of Buda, 
J. iS., and lines of Buda X «/• H’. *Sf. homozygous for factors condition¬ 
ing rust reatdion 
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«footnote I. table I 

Kkaciion to Hack 20 

Both parent varieties, Buda and J. W. S., have l)een eonsistently 
immune from race 20. Durinji: thtw stiidu's 165 F* plants as well as 
numerous Fj lines, ineludin^ lim‘s luderozypjous as Avell as those 
homozyjjous for factors eomlitioning rust reaction, were tested and 
were invariably immune. lIowev(»r, the immiiiK^ reaction of plants 
having? the J.'W. S. factor for immunity {L*L^) was not identical 
with tliat of plants having the Buda factor (L^L^) and was affected 
by environmental conditions. I’lants having the immune factors 
of the eJ. W. S. parent tested in February, wlwu light is deficient, 
developed distinct necrotic flecks and a iendency toward chlorosis 
in heavily inoculatcHl portions of the leaves (fig. 2, A, a, c, e). In 
similar tests, conducted during the latter part of Alarch under more 


Fiuure 2. Roaction of the parent varieties Buda (DURR) and J. W. S, (DDrt) 
and Fi hybrid segfregates of indicated genotype to physiologic races of A/c/owp- 
«ora lini differentiated bv Buda and J. W. 8. A, Race 20, reaction in midwinter 

а, J. W. 8.; 6, Buda; c, DDRR; d. DDrr; and e, DDrr, B, Race 20, reaction 
in spring: a, DDrr; b, DDRR; c, DDRR; d, Buda; and e, J. W. 8. C, Race 
5: o, DDrr; h, DDRr; c, DDRR; d, Buda; and f, .1. W. 8. D, Race 1: a, 
DDrr; 6, DDRr; c, DDRR; d, Buda; andc, J W. 8. E, Race 17. a, DDrr; 

б, DDRr; c, DDRR; d, Buda; and e, J. W. 8. A, X 1. 5; B to h, natural 


sue. 
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favorable' growiiifr coiiditions, nocrotic Irsioiis wm* absoiit aiul the' 
principal cvidi'iiccs of inoculation were the dislortion and sligM 
stunting of heavily inoculated leaves and the* gray mycelial weft 
left by tl)e geim tubes (tig. 2, It, c, c). In the-PVbruary tesis, the 
response to inoculation with race 20 of plants having the Buda factor 
for immunity was a slight flecking and distortion of the heavily in¬ 
oculated portions of the leaves (fig. 2, .1, 6, rf), hut in t(‘sts during 
the latter part of March th(‘ leaves became distortt'd and ch'veloped 
ehlorotic to necrotic lesions (fig. 2, /f, u, b, d). Although no rudi¬ 
mentary uredia have he(*n observed in tlu'se chlorotic to necrotic 
areas, this responsf' was suggestiv(‘ of tin* reaction of Buda to rac<* ;j 
(fig. 2, (\ (I). If failure to form un'dia is the criterion for immunity 
from rust, th(‘n immunity is (h^peiulent not on exclusion of the patlui- 
gen hut on the limitation of its devc'lopmc'nt. It is not improbable 
(hat, under favorable environmental conditions, the develojunent 
of rae(‘ 20 might be <»xtende<l to permit the formation of ru([imentary 
iin'dia in tlw'se ehlorotic to necrotic areas. 

nK\<'ll()N TO H\<KS 1 WIJ T) 

Kace 1 is a coni])o>it<‘ of rac('s of nstricted ])athog(*nicity as 
m('asun‘d by ability to attack tin* nist-diflerentiating varieties (S). 
The* reaction of Buda to the difua-ent strains of race 1 varies from higi* 
r(‘sistance through internn'diatc' ty])es to moderate' n*sistance. The 
strains to wliich Buda is highly resistant (//+) a])])ear to he' distinct 
from the)se' to \\hie*h it is menlerate'ly re'sistant (/f—), but the'ir sepa¬ 
ration is e'omplicate'd by the occurrence of inte'rme*eliate strains, se> that 
iini)ractie‘ably rigid contre)! e)f e'nvironme'iital conditions is require'd 
to sc'ciire* consistent dif!‘e‘rentiation. 

Immunity fre)m all strains of race 1 and freun race 5 is condj(»e)n('el 
by the IJ factor of *1. W. S. (tig. 2, (\ i; />, c). Be)th factors tliat con- 
elition rust re'action in Buda are o])e‘rative te) rae*e's 1 and o. Line S, 
UDrr, was re'sistant (e) race' o (fig. 2, (\ a) and te) strains of race 1 to 
which Buela was highly resistant, anel was moeleuate'ly susceptible 
(tig. 2, />, a) te) the* strains e)f race* I to wine*li Buela was moelerate'ly 
re'sistant. lane 7, UURR, was me)re' re*sistant te) rac(*s 5 (fig. 2, (\ r) 
and I dig. 2, />, c) than was line' S; and lu'te're)yyge)us plants, Ul/Rr, 
we*re* in(e*rme'eliate* in re*actie)n (fig. 2, (\ h; D, h), 

Hkxctio. to 1? \< ks 3 \M) 17 

Tin* seniiresistant re'action e)f Buela diflerentiate's race's and 17 
from rae*e»s o ainl I, re'S])e*ctive'ly. Line* S, w'as suse'eptible l)e)th 

te) race I? (fig. --It ****<*<* Howe‘ve*r, the 

pustule's of tin' latte'i* race*, although more* numerous, were -smaller, 
and the infecte'd leave*s te*nded to <lie pn'inature'ly, indicating that 

Krci UK 3 Keaclion of the* pare*nt ^ari^Mic•s Hilda and .1. W. S. 

(iJ^lj'rr) anei hybrid Me*greKate*s e»f lndk*a(e*d Ki'iiol^pt* to ph'-sioloRic rae*os of 
M(tnmf)i<ora lim diire»roiniate’el bv Hilda anel ,1. W. S A, Hae*(* 3: L'Jj^rr: 
h, L'UliU: r. UIJRU: e/, Hilda- aiid J. W, S. /f. Race* 7: u, ///.-Vr; 6, 
r, UIJn: d. Hilda; and e, J. W . S. (\ Race* 4- IJIJrr: /), L^L^RH: r, lAIJRR: 
d, Hilda- and e, J. W. S. />, Race* 0: ei, IJLhr: 6, V1?RR: r, ULltR: e/, Hilda; 
and e, .1. W. S. K Race 1(>: ee, /», UURR: r, UIJRR; d. Hilda: and e 

J. W. S. Natural si/e*. 



384 Journal of Agricultural Research voi. as, no - 

there wan some degree of ineomisatibilit^ between host and pathogen 
and that the UD Faetors, while ineffective to race 3, were not wholly 
so to race 17. The reaction of line 7, DURR, and plants heterozygous 
for the resistant factor, UURr, to races 3 imd 17 dso varied. Iso¬ 
lated pustules of race 3 were large and the eopiously inoculateil regions 
of tlie leaves bwame ratlier sharply necrotic (fig. 3, A, b, d). The 
pustules of race 17 were small and numerous, and the well-inoculated 
portions of the leaves (fig. 2, K, b, e, d), although dying prematurely, 
were characterized by a chlorosis ratlier tliau the sliarp necrosis of 
race 3. 

Uka<‘tios to Rack 2 

The reaction of Fa lines of various genotypes to race 2 was similar 
to their reaction to race 3, except tliat genotype DURR (line 7) was 
semirraistant to race 3 and moderately susceptible to race 2. 

Reaction to Races 4, 8, 19, and 22 

Extensive tests of Fi plants and linra were made with races 4, 
8, 19, and 22, to which Buda is susceptible and J. W. S. immuiu‘. 
Immunity from these races was dominant and was conditioned by 
tlie factor D (fig. 3, (J, e, e). The susceptibility of seedlings of Biul’a 
and of Fs line 7, DURR (%. 3, C, b, d), sliows that neither the D nor 
iJie R factors condition resistance to these racro. However, wh(*n 
infected by races 4 or 8, older plants of F* line 7, ropecially when 
grown utuler adverse conditions, had fewer and smaller pustulro ami 
showed a greater tendency toward chlorosis and prematuri* death of 
infectisl leaves than did plants of Fj line 8, DDrr (fig. 3, V, a). All 
plants not having tlie immune factor U were highly susceptible to 
races 19 and 22, even when grown under lulveise conditions. 

Reaction to Ra<-e 7 

Buda is immune from and J. W. S. susceptibh* to race 7 (fig. 3, R> 
d, e), tile reverse of tlie reaction of these par(*nt varietii's to races 4> 
8, 19, and 22. Immuni^ from race 7 was conditioned by the domi¬ 
nant factor D (fig. 3, B, r, d). The factora RR, which condition 
semirroistance to race 3 in Buda, condition n^sistance to race 7 (fig. 
3, B, b). 

Rkaction to Race 15 

This race was lost and no tests were made witli it. 

Reaction to Race 9 

Extensive tests of Fg lines were made with race 9, All seedling 
plants regardless of genotype were susceptible, but to varying dcgri'es, 
os shown in table 7. The J. W. S. parent (fig. 3, I), e) and line 575, 
DDrr, were susceptible. Line 584, DDRR (fig. 3, 1), e), was dis¬ 
tinctly less susceptible than line 575. Line 8, DDrr (fig. 3, D, a), 
speared to be slightly li'ss susceptible than line 584; and line 7, 
Durr, and the Buda parent were classed as moderatoly susceptible 
(fig. 3, D, b, d). Plants of genotype DDRR and DDRR developed 
a type of matiuro-plant resistance in which felaiively few pustules 
developed, even when the lenvro were heavily inoculated. 
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Reaction ro Racks 16 \\d 21 

The Fa plants coiitaiiiiiie the factors conditioning rust reaction in 
all possible combinations, heterozygous as well as homozygous, were 
invariably susceptible to races 16 and 21 (fig. 3,' K). Plants having 
the factors UUrr^ conditioning rust reaction of the J. W. S. parent 
(fig. 3, Ey c), were somewhat more siisc^eptible than heterozygous 
ones or those having the D and R factore (fig. 3, K, a, 6 , e, r/), as 
indicated by pustule vigor, ability to produce* an abundance* of spores 
for a prolonge*el period, and compatibility between host and parasite*. 

REACTION OP HETEROZYGOUS PLANTS 

Under favorable conditions for growth of flax and for rust develop¬ 
ment, the effect of heist he'terozygosity on de*velopment of rust by 
rac(*s preiducing inte*rme*diate infe*ction type*s was evident. Immunity 
from rust was dominant, and plants heterozygous for the immune 
factors IJfJ were immune from all race *8 from which either parent 
was immune* (fig. 1, Aj d; 7?, d). The incomplete dominance of the 
resistance* facteir R was ap])arent in theise lin (*8 homozygous for the 
factors conelitioning immunity from either race 4 or race 7 and 
heterozygems for the factors conditioning seuniresistance to race 3 
(fig. 1 , A, b; fig. 1 , /f, 6 ; fig. 2 , 77, b; fig. 2 , b). For example, F 3 line* 

431, UURr, in one test hael 7 plants susceptible, 15 moderately sus- 
ce])tible, anel 7 semiivsistant tei race 3 (fig. 1 , ^1, a, 6 , c). Line 463, 
IJf/Rr, had 5 plants ausce*ptible*, 19 semiresistant, and 8 resistant te) 
race* 7 (fig. 1 , a, 6 , c). These resistant plants of line 463 weregreiwn 
to maturity, and, as the F 4 jirogeny was homozygous for resistant 
re*actie)n to race 7, it was e*vieient tliat diirere*nce*s in elegre'e of resist¬ 
ance of the Fj plants had had a gent'tic basis. However, it was only 
eluring ])e*riods e»xeeptionaily favorable for growth of the plant anel f(>r 
rust ele*velopnu*nt that variations of the intermediate infection type '*3 
coiilel be* eoiisielere'd as re*liabl(* indicators e>f ge*ne)typie eliffe*re*nce^s. 

DISCUSSION 

The elata pre*sente*d serve* to e*iiiphusize that in ele*ve*le)ping a pro¬ 
gram for biweling rust-immune varietie's of flax it is important te> 
know the* inheritance* of certain plant characte*rs and to unde*rstand 
the inte'ractiem of the ge*ne»s that cemdition rust re*action in the ])are*nl 
varietie's as w(*ll as the* ri'lation between lhe*se* facteirs anel the* physi¬ 
ologic race's of the flax rust fungus. 

I^evious inve'stigations hael indicate*d that the* inheritance of im¬ 
munity from flax rust was conditioned by one* or two elominant factors 
(9, 10). In the pre'sent inve'stigations, howe'ver, it was founel that, 
while immunity from specific race's of rust was conditioned by domi- 
riant genes, the* dominants earrie*d by Buda and J. W. S. and cemtrol- 
ling their immunity and susce'ptibility to two phvsiedeigic race's are 
allelic. Conse*quently, no se'givgate's could be obtaineel that we*re 
homozygous for both of the dominant alle'ls conditioning immunity 
from the two race's of rust. Likewise*, no segre*gates were obtainable* 
that were susceptible to both of the races. 

Obviously, in a re*gion whe*re both races 4 and 7 occur, it w'ould be 
futile to attempt to obtain a rust-immune* variety of flax by crossing 
Buda and J. W. S., although each variety is immune from one of the* 

420:172—41 —2 
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races and Jieilher variety is susceptible to both. On the other hand, 
the existence of the ullelic series of immunity factoi*s simplifies the 
problem of breeding for immunity from certain physiologic races of 
the flax rust fungus. Thus, Ottawa 77()B has been immune from 
all North American and Eunipean rust collections (4, lH) and J. W. S. 
has been immune in South America {14), In a cross between these 
varieties the factors LL of Ottawa 770B condition immunity from 
North American and European races and susceptibility to a South 
American race (race 22), while the allelic factors Ul) of J. W. S. 
condition immunity from Si^uth American race's and susceptibility 
to certain North American and European races. Since susceptibility 
to rust is recessive', F 2 plants susceptible to race' 22 are' homozygous 
for the' factors LL cemelitioning immunity from North American and 
Europe'an race's of rust, anel F 2 plants susceptible to any one of race's 
7, 9, 13, IT), 10, or 21 are homozygous for the factors L^L^ conelitioning 
immunity from South American race's. In either case, three-fourths 
of the plants could be discarded in the F 2 generation and subseepient 
testa could be confine'd to material homozygeius for the' pair of factor 
conditioning immunity from the' race's of rust with which the inve'sti- 
gator is concerned. 

The use of a line having the ge'iiotyne in aelelition to the' 

regular serii's e>f eliffere'iitlal varietie's, is lu'lpful in the iele'ntifje*ation of 
race's of Afelampsora Uni diffe're'iitiate'el by the' ae'inire'sistant re'ae*tie)n 
of Buda. To these races Buda may be some'what resistant in tc'sts 
conducted under unfavorable conditions. Plants of geneilype' UDrr 
arc susceptible, even under advei*se growing e*onditions, te) rae*e's te) 
wliich Buda is seinirosistant. 

The reaction of Buda to the different races of the flax rust fungus, 
varying ])y almost imperceptible stages from immunity (ne) evielene'e' 
of the forination of ure'dia) to susceptibility, is suggestive of the in¬ 
volvement of multiple factors either in the host or in the pathogi'ii. 
Since no evidence was obtained that more than two factors an' c(»n- 
cerned in conditioning rust reaction in Buda, these studies suggest 
that the variable reaction of this variety is due to the interaction of 
quantitative factors inherent in the rust fungus. 

SUMMARY 

The inlieritance of factors conditioning reaction to the flax rust 
fungus was studied in a cross between Buda and J. W. S.. two varieties 

! )ossessing differential reactions to physiologic races of Afelampsora 
ini, J. W. 8. is immune from 18 of Ibe 24 races that have b(‘eii 
identified from North and South American collections of the flax rust 
fungus and susceptible to races 7, 9, 13, 15, 16, and 21. Buda is 
immune from races 7 and 20; resistant to races 1, 5, 6, 10, and 11; 
semiresistant to races 3,14,15,17,18, and 23; moderately susceptible 
to races 2, 9, 12, 13, and 24; and susceptible to races 4, 8, 16, 19, 21, 
and 22. 

The Fi generation was immune from all races from which either 
parent was immune, indicating tliat immunity was dominant. 8us- 
eeptilde genotypes could be identified in the F, generation, but those 
havini^ intermediate infection types required ^further tests of Fj 
behavior. 
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Earh F., lino that was attaokod by race' 7 was homozygous for im¬ 
munity from races 3 and 4. C^oriversely, each h\ line allaek<‘d hy 
race 3 or 4 was lioinozygous for immunity from race 7. lim^s homo- 
zyfrous for suseeptibilily to race 4 approximated a ratio of 1 semi- 
resislant to 2 heterozygous to 1 susec^ptilJe to race 3. Among the 
F« lines immune from race 4, there were approximately 1 r<»sistant to 2 
heterozygous to I susceptible to race 7. Lines having all |)lants eithc*r 
immune from or semiresistant to race 3 had all plants eitluT immune 
from or resistant to race 7. Lines segregating for immunity, semi- 
r(»sistanee, and susceptibility to race 3 s(*grc*gated for immunity, re¬ 
sistance, and susceptibilitv to race* 7. Lines having all plants eith(»r 
iminum* from or suscc^ptilde to rac<‘ 3 had all jdants eithcM* immune 
from or susceptilih* to ra(‘e 7. 

Th(» results obtaimul were explained by assuming that immunity 
from races 7 and 20 in Buda vvas conditioned by a pair of dominant 
factors allelic to lh(‘ pair of dominant factoids conditioning immunity 
from IS rac(‘s in W. S. The reaction of Buda and the segregatioii 
of tin' F., population suggested that Buda carried, in addition to the 
factors conditioning immunity from race 7, factors conditioning semi- 
i*esistanc(* to race* 3 and ri'sisiance to race 7 that W(‘re independent of 
and hy|M»stati<* to the immune factoi*s. On this basis the genotype 
of Buda wouhl b<* l/VRR and that of J. W. S. UUrr. 

The reaction of Buda to races involved in thes(» tests extendcnl bv 
almost imperceptible stej)s from iminunity to susceptibility. Botli 
th(‘ D and the R factors appean^l to be operative in conditioning re¬ 
sistance to races to which Buda was resistant. In tests with races to 
which Buda was semin^sistant, moderately susceptible, or susceptibl(^ 
the factoi*s VD had little effect, and reductions in degree of sus¬ 
ceptibility appeared to lx* largely attributable to the R factor. Neither 
the VL^ nor tin' RR factoi-s had any appreciable (dfect on the seedling 
reaction to races 4, S, 19, ami 22 to which Buda is susceptible. 

fl. W. S., Dl/rr, is susceptible to races 7 and 9, but Fj plants of 
genotype UI/RR wcmv resistant to race 7, and their reaction to race 
9 varied from moderately susceptible to susceptibh*. 

All plants tested were susceptible to races 19 and 21, to which both 
Buda and J. W. S. were susceptible. 

The R factor was incompletely dominant and, under favorable 
growing conditions, luderozygous plants of the genotypes or 

UURr were distinctly l(»sa resistant to races ]>rodueing intermediate* 
infection types, such as races 3 ami 7, than homozygous plants DVRR 
or UDRR. 

A line having the genotype UUrr, previously unknown, facilitates 
tin* identification of physiologic races diffc*rentiated by the semi- 
r(*sistant reaction of Buda. 
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A GENETIC STUDY OF COMMON BEAN MOSAIC UNDER 
CONDITIONS OF NATURAL FIELD TRANSMISSION ‘ 


By B. L. Wade, senior genetieisf, and C. F. Andkvb, ptUhologist, Divinon of Fruit 
and Vegetable Croj^ and Diseases, Bureau of Plant Industry, United States 
Department of Agriculture 


INTRODUCTION 

Common boan mosaic (bean virus 1) apparently ocenra wberever 
snap beans {Phaneolus vulgaris L.) arc grown, but in the soutberu part 
of the United States th<* damage is especially sev«*re Susceptible 
varieties may giv«* complete crop failures, and tolei-ant varieties may 
develop more pronouneed symptoms than they do in northern and 
western bean-growing areas. Because of the latter fact, it is possible 
in South Carolina to study the inheritance of reaction to the virus in 
n'sistantXtolerant crosses with less diflBeulty in identifying pheno¬ 
type's than might he experienced in certain other elimatie* an>as. 

In orde'r to obtain a high pc'ix'entage of virus transmission, most 
workers with common bean mosaic have employed artificial inocula¬ 
tions. In field plots of the Unitwl States Regional Vegetable Breed¬ 
ing Ijaboratory, Charleston, S. C., natural field spread of common 
beau mosaic has produced the maximum possible transmission; and, 
witli suitable controls for insuring the identity of the virus, it is possi 
ble to rely on field data with a high degree of confidence. The jlata 
reported herein were obtained incidentally in a 8lu«ly of bacterial 
blight resistance in snap beans. The data j'lre snbmittecl because they 
lead to a different interpretation of the genetics of common bean 
mosaic from any hitherto recorded. 

MATERIALS AND METHODS 

The cn)8S('s obsj'nu'd in detail were Stringless Black VidentineX 
U. S. No. 5 Refugee ami the reciproeal. U. S. No. Rt'fugee is bigldy 
resistant to common bean mosaic ^ as reimrted from various places. 
During the last 5 years several thousand ])lants of this variety have 
been obseiwed at Charleston, S. C., and no common bean mosaic 
(bean vims 1) or other virus diseases have be«'n found except in the 
case of a few obvious i-ogues. Strin^dess Black Valentiiu' under early- 
spring eonditions at Charleston, and under normal conditions in th(> 
seed-growing areas of the northern and wi'stern parts of the United 
States, ordinarily gives a tolerant reaction to infection with common 
bean mosaie; i. e., the disease may be present, but the injury is slight 
or undetectable. Plantings of Stringless Black Valentine made only 
a few weeks later at Charleston, however, may show much .more pro¬ 
nounced symptoms and injury. Other tolerant varieties like Bounti¬ 
ful and IT. S. No. 1 Refugee rt'spond mueh like Strinjdi'ss Black 
Valentine. 
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Chocka for oach jyenoration included the two parents (Stringleas 
Black Valentine and U. S. No. 5 Refugee) and in addition, for the Fi 
and F 2 generations, sHinpk*s of inoculated and uninoculated Stringless 
Green Refugee. Since Stringlesa Green Refugee* is very susceptible to 
common bean mosaic, and since mosaic is to some c'xte'iit a seed-bonie 
disease, a mosaic-free strain was grown under cheesecloth for testing 
the virus present in Stringlesa Black Valentine and in the susceptible 
F 2 segregates. lno(*ulation of the Stringless Green Refugee in these* 
two cases for the purpose of verifying the pn*sence of the common 
b(*an mosaic virus were the only artificial inoculations made*. 

The Fi anel F 2 plants were grown in rows adjacent to the pare*nts; 
but in the F 3 ge*neration, as all border rows we*re* IT. S. No. 5 Refugee* 
anel Stringle*as Black Vale*ntine, rt*ading8 we*re maele on the* bor(le*r 
rows for checks. The* borders were abe)ul 24 rows apart. 

The first ob8e*rvations on e*ommon bean mosaic at the Ve*getable 
Bre*e*ding Laborateuy weM*e made in the spring e)f 193fi. Varie*tie*s 
e*e)inmoiily classifie*d as tederant ahowe*el se'vere* symptoms, and siis- 
ce»ptible varietie*a sucli as Stringle*as Gre*e*n Re*fuge*e* we*re se) baelly 
injureel that einly a fe*w se*e*ds per plant were produce*el. Of 4r>;5 T. S. 
No. 5 Refugee* plants e>bse*rveel, none she)we*d emy symptoms e)f mosaic, 
while in all other varie*lie*a note*d all plants were* infe*e*te*el. The* Narie*- 
tie*s and the number of plants ediseiwe'd vrere* as fe)lle>ws: vStringle*ss 
Black Valentine, 338; Bountiful, 507; Stringle*ss Gre*e*n Re‘fuge»e*, 554; 
and The)usand te) One* Re*fuge*e, 321. 

In orde*r to verify the pre*se*ne*e* and identity e)f the* e^ommon l)e*au 
mosaic virus, seed was harve*ste*el from the* above*-me*ntie)ne*el plants 
and two serie's were plante*el in the gre*e*nhe)use' in the spring e)f 1037. 
Sufficient se*ed was piaiite*d for at le*ast 100 plants in e*acli sc*rie*s, and 
readings W(*re take*n on primaiy or se*e'd-borne me)saic e)n the* first 100 
in e*ae*h case*. Except in the* e*ase of U. S. No. 5 Refuge*!*, we'stern-grem n 
se'eel was use*d as a chee*k. The rt*sults fre)m se*ed fre)m easte*rn infe*e*t(*el 
plants and from W(*8te*rn se*e*d, re*spe»ctive'ly, we*re* as fe)1Ie)ws: Stringh'ss 
Black Vale*ntiue from easte»rii plants infe*cte»d with seeHl-be)rne mosaic, 
9.5 perce*nt, and from we*8te*rn se*(*d. 3 percent; Bountiful, 4 i)erce*nt 
and 2 perce*nt; Stringle*ss Gre*e»n Refuge*e*, 25.5 ])e*rce*nt and 8.5 pe*rcent; 
Thousand to One* Re*fuge*e*, 17 pe*rcent and 29.5 percent; U. S. Ne). 5 
Refugee, 0 pe*re*e*nt. From 5 Stringle*ss Black Valentine plants e)f 
Charle*ston eirigin anel 2 of we*ste*rn origin showing primaiy sympteinih, 
inoculations we*re maele* into 10 plants of healthy Stringle*8s (}re*en 
Refugee. Boimtiful and Stringl(*ss Grec'ii Refuge*e were* also ineicu- 
lated by using 2 primaiy infe'ctions from the Charle*ston seiurce* anel 
2 of W(*8tem eirigin. In all case*s typical symptoms eif (*e)mme)n bean 
mosaic were e)bseiTe*d. Of 70 Stringless Gre*e*n Re*fugee plants ineieni- 
lateei from primary-infeH*ted Stringless Black Vale'iitine, 54 showe*ei 
^mptoms, while 10 edieck plants inoculated freun healthy Stringle*ss 
Black Valentine re*maineHl mosaic-fre^e. Of 70 plants eif Bountiftil, 57 
became infected anel the 10 checks remained healthy; of 40 plants of 
Stringless Green R(*fugee, 32 became infect eel anel the* 10 chc*cks 
remained healthy. The symptoms in all cases were characteristic of 
Common bean mosaic. 

As a^ids are usually assumed to be r(*sponsibIe feir a large part of 
the secondaiy spread of bean mosaic in the fie*ldf records have been 
kept on the aphid population for the last 5 ye*ars with readings on 
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approximiitoly May 1, 10, aiul 20. No attompts have been made lo 
identify the various speeies found. Ten ])lunts from each of 10 rows 
taken at random have furnished the ))asis for the averaf?(' in each case. 
The average number of aphids present bv May I was approximately 
1 per plant, whereas by May 10 the number had increased to 2.5, and 
by May 20 had decreased to about 1.5, Aphids are not ordinarily 
found in abundance on beans, but it is believed that the numbers 
found could be* re'sponsible feir a considerable* e*pidemic of cominein 
be*an mosaic. 

RESULTS 

The Fj generatiem grown in the* spring eif 1938 e'onsisted e)f 9 plants, 
8 from the cross Stringle*ss Black Vale*ntine» X U. S. No. 5 Ri»fugee anel 
0 from the* re*cipi*ocal. Th(*ae* plants all re»maine*d free from virus dis- 
<*ase*s, as diel the* 37 plants e)f the U. S. No. 5 Re*fugee parent; but ail 
42 e)f the* Stringle*ss Black Vale*ntine parent jilants showenl syniiitenns 
of e'oinmon bean mosaic. Inoculations made from the* Stringless Black 
Valt»n1ine pare*nt to he*althy Stringle*ss (iiven Re*fiige*e i]ielicate*el that 
(*()mmon bean mosaic virus alone was pre*s(*nt in the Stringle*ss Black 
Vale'ntine plants (table 1). 

In the F 2 generation a ratio of 3 ivsistant te) 1 tole*rant w^as obtained 
witli a total of 179 plants obse*rve'el, and there* was no significant differ- 
(*nce in the recijmicals. Chi-square te*sts indicat(*d satisfactory con- 
formatiein te) a 3:1 ratio. vVgain the* ivsistant paivnt remaine*d he*althy, 
wliile all 1()() Stringle*ss Black Val(»ntine plants showe*el symptoms. 
Inoculations maele* from tlie* susceptible* F 2 se*gre*gale*s te) vStringle*ss 
(ire»e*n Re*fuge*e showvel that the virus re*sponsible* for the elisease was 
the* comme)n bean mosaic virus (table 1). 


T\ble 1. liisulls obtainvti inlh Fu Ft, and Fi prngenivH from thf cromsfn Stringleits 
lilark Val^nitne r S No. ft Refugev (.Ij and reciprocal {li) 
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lu the spring of 1939, at tlie timo the Fj plants previously discussed 
were gn>wn, some Ft families from an Ft plant grown in the fall of 
1938 were observed to be segregating in a ratio of 1 resistfmt to 2 
segregating to 1 tolerant. Because of the presence of a considerable 
amount of bacterial blight an exact count of plants was not made, but 
in the cross Stringless Black Valentine X U. S. No. 6 Refugee the family 
ratio was 12 resistant to 23 segregating to 6 tolerant; that of the 
r(>ciprocal, 3:6:4. None of the chi-square values approached signifi¬ 
cant deviations, and again there was no indication of (lilferences 
between reciprocals. Since tht*se obst'rvations weri> preliminary, they 
are not included in table 1. 

The Fs generation gi'owii in the spring of 1940 consisted of 2r> fanii- 
lire from the* cross and 27 from the reciprocal. The combined data 
showed 12 resistant, 31 segregating mid 9 tolerant families with a 
nonsignificant chi-s(|uare value. Again it was indicated that tliere 
was no significant difference in genetic behavior of the emss and its 
iwiprocal. 

The Fi plant population from the 31 segregating familira showed a 
highly significant deficiency of rec(*88iv(*s, but lieteiDgeneity chi square 
showed no difference in the cross aiul its recipmcal. The Fj results 
are sliowii in detail in table 1. All 104 IT. S. No. 5 Refuge** check 
plants were healthy, wln'reas all 93 Stringl<*as Black Valentine check 
plants were infected with common bean mosaic virus. 

DISCUSSION 

In 1921 AIcRostie reported crosses witli various field beans, in¬ 
cluding Michigan Robust, in which he found resistance to be at l(>ast> 
partially recessive. By grouping his data he obtained an Fj ratio 
appraaebing 9 susceptible to 7 resistant. Part of his work was corned 
out by artificial inoculations, but most of it d<*pended on field spn*ud 
from susceptible, primarily infectisl plants. 

In 1935 Pierce * reported rraults W'ith various crosses. Robust 
crossed with Stringless Green Refugee gave a mosaic-susceptible Fj 
generation, but Robust crossed with a strain of Great North(*rn or 
with Corbett Refugee gave resistant Fj plants in both cases, (^orbett 
Refugee X Stringlcss Green Refugee and the reciprocal were rraistant 
in the Fi generation, and in the Fj generation they gave 88.8 percc'nt 
and 82.2 percent resistant, respectively. Idaho Refugee aiul Wisc»)n- 
sin Refugee behaved in cros8i>8 with Stringlcss Green Refugee about 
like Corbett Refugee. Pierce did not attempt a genetic explanation 
of his results. 

In 1936 Parker * reported differential rraults from cro88**8 of String¬ 
lcss Green Refugee X Michigan Robust and the reciprocal, as well as 
wdth Corbett Refuge** X Stiingless Gr*>en R**fugee. Park**r interpreted 
differences in reciprocals in part on the basis of cytoplasmi** inheritance. 
WlM*n Stringless Grt*en Refugee was used as the female parent, some 
of the r*>aults approached a 3:1 ratio of resistant to susc**ptiblc. 

•MrRosTiB, O P. iKHBiuMNrp nr nniAsr rbwanic in thi roMMOv BtA\ Jour Amir Bm 
ARTon 13 13^ llffil 

«PlBRri, W. II TIIK INHERITANrS OK HKSISTANCl. TO COMMON REAN MOSAIC IN MAH) \ND GARDEN 
BEANS Phytopatholofcy 29 87.VHK3, illns 1935 

A Parker, M. C iNUERiTANrE of rehistanck to the common mosaic viri r in nib rlan Jour Ayr 
Kes 52 (MMHllj), illus. IffSG • 



Ort. I, IMl 


A Qenetk Slvdy oj Common Bean Moisair 393 


In the thms genetic studies mentioned the contrasts involved were 
crosses between resistant and susceptible strains, whiTeus in the 
present paper the work is limited to resistant with tolerant. Group¬ 
ings of resistant, tolerant, and susceptible varieties have been used by 
many investigators; as, for example, Clark.® 

Pierce ’’ was careful in his work to exclude the possibility of eon- 
tnmitialion with yellow bean virus (bean virus 2), and both Parker * 
and Pierce used artiHcial inoculation instead of depending upon field 
spread. In the work reported hen‘in reliance was placed upon field 
spread and no artificial inoculations were made except as a check upon 
the technique and to test for the prc'sence of the common bean mosaic 
virus. Extensive observations on IT. S. No. 5 Refugee, which is sus¬ 
ceptible t(» yellow bean virus, and on other varieties, as well as con- 
sidemlions of the seed-borne nature of the dis(‘ase observed, indicate 
that yellow bean virus could not have beim present to complicate the 
results reported lu'rein. 

•lohnson ® recently interpreted sonu* symptoms observed on beans 
from inoculations from apparently h(>ultby Lathyntm thiyitanvn us 
being due to an allergic response* ol the bean plants. It s(>ems possi¬ 
ble, if allergic reM^ponses do occur, that there might be allergic r(>spouses 
of one strain of Ix'ans to another and that they might be much more* 
severe with artificial inoculations than with natural ins(*ct transmis¬ 
sion; consequently artificial inoculations might per se intn>duce a 
factor rather disttirbing to genetic ratios. 

It seeuns possible that part of the irregularitv of ratios encountered 
by both J^iei’ce and Parke'r may have come from the prraence of a 
partially lethal variegation in Oorbett Refugee and the two strains 
deriv«'d frain it, Idalio Refug(‘e and Wisconsin Refugee. F. S. No. 5 
Refug(‘c, ulthougl) relati'd to Corbett Refugee, do(>8 not carry the 
factor or factors for variegation. 

SUMMARY AND CONCLUSIONS 

In a crass of Stringlras Black Valentine X F- S. No. 5 Refugee and 
the recipracal, the results with the Fi, F 2 , and F^ generations indicated 
that th(' resistance of F. S. No. 5 Refugee to common bean mosaic 
virus is dominant to the tolerance (which showed a definitely mosaic 
pattern with marked mosaic symptoms at (''harleston, S. C.) of the 
Stringless Black Vidcntine, and that a single* factor is resixensible for 
the resistance*. 

There we*re no significant dill(*re*nce*8 be*twce*n the e*rt)ss auet its 
reciprocal. 

There* was a slight but cumidative de*ficieney e)f rece*s8iv(*8 t22 i)er- 
cent e)f the impulation tolerant, theoretical 25 pcrcentl, whie*h reae*hcel 
significance in the te)tal populatiems from s(*gregating familie's in F.|. 

‘ ('LARK, N., cnnipik^r. Mimir resimiam (anvinci bkan shors promise. Wis Fap Hta Bill 
421 illus m\ 

' Spo footnote 4 
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UoirNRON, James imrilation oi- ilas wini KXTRArrs from otiifr nfcALTii> jlmml spliiks 
(\ l)StrBC't) ?h>topnthuloii> 31) 12 1940. 




GROWTH SUBSTANCE IN CROWN GALL AS RELATED TO 
TIME AFTER INOCULATION, CRITICAL TEMPERATURE, 
AND DIFFUSION ' 

By A. J. Kikkh, projom of plant pathologp, Biskch Henk^, imlintrial fellow in 
plant palhology, and H. M. 13nc)u\K, profrmor of botanii and plant ^hology, 
Wiseomin AgriruUnml Experinunl Station 

INTRODUCTION 

The imp(»rtaiui‘ of growth substiiiiros hi tin* normal ilovclopnicnt 
of plant tissues has suggested that, when present hi unusual amounts, 
they may he more or liws direetly responsible for atypical and jiallio- 
logical growlh. At tc'iition has been directed especially to such gniwt hs 
as crown gall caused by Flii/lomnnan tiimefaeienn (Smith and Towni.) 
Bc'rgey et al. Beta-indol(*-ac(*tic acid and sulistances related in effect, 
tik<‘ auxiii-a and auxin-h in jiarticular, have been <*oiisidered the 
eh(‘mieal means by which the bacteria induced this diseased over¬ 
grow th. 

The (‘videiice for this has bi'cn pres(*nt(‘d and diseuss(>d by various 
work(‘rs. For example, beta-indole-ac»‘tie acid has Ixaui suggested 
with various degns's of emphasis by Nfnnr (//), Brown, and Gardnei 
l£). Link, Wilcox, and Link (5), and Berthelot and Amourcaix (!) as 
the responsibh* stimulating agcnit. produecal by the bacteria. ljock(‘, 
Riker, and Du^ar (6‘) tlescribed symptoms on nlants bearing crown 
gall as similar in several particulars to those huliiced by beta-indole- 
aeetie acid. Limited trials by diffusion technique indicated that more 
growth substance is present in recently Inoeiiluted tomato stems than 
in control stems. However, trials with old(‘r galls and w'ith extractions 
failed to show differences Ix'tweeii gall and control tissue. In addi¬ 
tion, Ii(x*ke, Riker, aixl Diiggar (7, S) found that crown gall anil related 
avirulent bacteria in peptone lm>th produccxi in similar amounts a 
substance acting like beta-indole-acetic acid in its sensitivity to acid 
and alkali, and that both healthy aixl diseased tomato tissue contained 
material likewise similar to this acid. Kraus, Bmwii, and Hamner (4) 
demonstrated the similarity in structure between gulls indiiceil by 
Flijfiomoiiax tumefaciriin and beta-indole-uc(*tic acid. 

The present investigations have been aimed at quantitative d(*ter- 
minations of certain growth substances (1) that are found at jirogtes- 
sive iutnivals follow'iug crown gall inoculation. (2) that are present ui 
tomato sU'ms grown both above and below the uiitical maximum 
temperature for (*rown gall formation, and (:i) that diffuse Ironi 
healthy and diseased tissue. A prelimiuaj'y statement of some of this 
w'ork Has already appeared (IS). With such studies it soomed ])ossible 
to clarify the relation, il any, of growdh sulwtances such as beta-iixlole- 
acetie acid to the pathogenicity of crown gull bacteria. 

1 iltHiMveil for piililication, 1>ec«‘mbiT 21, 1940. Thih work was supported in part by the Intornutional 
f’amiT liomwoh Foundation, and assistann* in making tests was furnistUNl by the iKTSonnel of the Work 
l»roJi’Ct8 Administration, Official Project No 1 -SI 2349. Dr. C. Elwnhart. station statistician, kindl> 
iDtorpndcd the analysis of \ ariance 
^ Italic numbers hi paienthesN refei to Literal tire ('ited, p. 406. 
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MATERIALS AND METHODS 

The tomato {Lycopersicum eacvlentum Mill.) was used as a coiivon- 
ient host. Plants were grown individually in 4-inch pots in the green¬ 
house at approximately 24° C. and inoc^ulated by stem punctures 
when they were about 8 inches tall, (ialls were conspicuous in about 
10 days and equal to the diameter of the stem in 3 to 4 w<»eks. Suitable 
control punctures were always made in a separate series of similar 
plants. 

Th(» growth sulwtance was (*xtractc‘d by a slight modifi(*ation of the 
method of Van Overbeek (16). A sample of fresh plant tissue 

was cut into pieces about 2 mm. in thickness and pla(*ed in a 5()()-ml. 
Erlenmeyer nask. About 250 ml. of frc'shly distilled peroxide-free 
ether was added immediately and the whole placed overnight at 4° C\ 
The following morning the ether was se])arat(^d from the ]>lant mate¬ 
rial and the water. The extract-containing ether was heated in a dis¬ 
tillation apparatus on a steam table until only about 2 ml. remained. 
The distilling flask was cooled under a cold water tap and the ether 
poured into a 10-ml. vial. One ml. of distilled water was pipetted 
into the vial, which was then placed on the sU^am table until tin* 
remaining ether had evaporated. Thus the vi\wY (*\tract of 25 gin. 
of plant tissue was contained in 1 ml. of water. This 1 ml. of water 
was nuxed with an equal volume of 3-p(‘rc(‘nt agar, and the mixture 
was tested for the presence* of gi*owth substance. Tests wew always 
made on the same aay that the extracts were prepared. The galls aiul 
control tissue weie treated identically in extraction. While it is 
recognized that the ether extraction may not remove all of the fr(M» 
gi’owth substance present, it appears that the relative amounts 
obtained from the control tissue and the crown gall tissue should lx* 
comparable*. 

Considerably higher yields of ^’owlli sulistance have* be*e*n se*e*ure*el 
with othe*r methoeis from plant tissue*s by various worke*rs, including 
Ave*rv, Beiger, and Shalucha.’ Appare*ntly the*8e* highe*r yiedds are* 
due la^e*ly to hydnilysis of precurseirs rathe*r than to improved 
e*xtraction of free auxin. The method use*el se*e*ms one* e>f the be»st at 
pre*sent available for securing free auxin. 

The standard Avina te*sl ( 18 ) was use*d. with slight mexlificalieuis 
i\s explained by Locke, Rikcr, and Duggar (7), in determining the 
amounts of growth substances present. It is apparent that the growth 
substance*s measured were those acting upon Aoena c.ol(*optiles under 
the conditions of experimentation. Obviously, various growth sub¬ 
stances may have been present which wTre not detectc*d by tliis 
technique. 

The measurements secured are based upon averages of curvatures 
of 24 to 36 c^leoptiles. Thus, the data included in this paper, together 
with those from various preliminary trials not mentioned because of 
the space they would occupy, are based upon about 7,()()() coleoptile 
measurememts. 

The critical-lemp(*rature studies were made in two cubi(*al (diam- 
bers 4 feet square, each illuminated by ton 30-inch 3()-watt daylight 
fluorescent lamps. The plants rec(*ived light lor 12 to 15 hours each 
day. The temperature w’as thermostati(*ally maintained at 27° C. in 

I Avery, Qeoboe S., Berger, JnirR, an<] SiuLrcRA, Barbara, the totat extraction of free 

Al TIN AMD AUXIN PRECURHOR FROM PI ANT TMRLE 4Rl(>r. Jour Bot 2< im (07, lllUS , 1041 
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oiu' chambor, wborc galls wore foiined, and at 31® in tbe other, where 
110 galls developed. This is below and above, respectively, the maxi¬ 
mum temperature for gall formation determined by Riker {12) and 
confirmed hy the present studies. 

EXPERIMENTAL RESULTS 

COMPARISON OF RESULTS IN TERMS OP CXILEOPTILE (’URVATURE \N]> OP HETERO¬ 
AUXIN EQUIVALENTS 

The results of the Anna test are commonly reported in the average 
amount of curvature produced. This seems subject m certain local¬ 
ities to the eriOT of variations from day to day in sensitivity of the 
lest plants. Some variations also occu/within a given day. Jn these 
studios results were taken on known material several times within a 
day, as well as on different days, and a comparison was made of the 
vaiiations secured. The results showing ‘‘A\ithin-a-day^^ and “day- 
to-day” variations are given in table 1, and an analysis of their variance 
do) in table 2 

The variation between days has an F value of 10 90 that greatly 
exceeds the appropriate o-percent poml (2.ir)); so the existence of a 
day-to-day variation can be inferred. (Consequently, the data pre¬ 
sented later arc corrected to hetenmuxin equivalents in the interest 
of accuracy. 

T\kll 1 Vntiation in Avena (oleopUU cuitmiun^ uith a lounrdrntion of 1(H) 
gammas pn titu of hta-imhU-miUc and, tom pan d irithin ihi bamt dag and 
on diffnint dags, 19^0 
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PROCEDURE WITH ANALYSIS OP VARIANCE 

The statistical procedure employed witli the analysis of variance in 
table 2 is briefly givei*. Denoting by the variance of detenninations 
made on a single day, and by cr/ the variance (Jiie to day-to-day 
variations (the actual days involved being regarded as a random 
sample from a ‘‘population** of days), one can estimate these quan¬ 
tities as follows: 

Ent. Wit hill days mean square -1.67 

EhI (Between da^s mean square) — (Within da\s mean ‘'qaare)^.. - ^ 

d 

where the divisor represents the three determinations made each 
dav. 

The variance of the mean, r, of the three determinations on a randoju 
day is 

where represents the variation arising from dra\\ing a random dav 
<r^ 

and o represents the inaccuracy arising from the fact that sensi- 
o 

tivity for that day is estimated by only three determinations. In the 
day-to-day variation, represents the variation which would still 
be present if an infinite number of determinations were made each 
day—that is, if the time value for the day were detennined exactl^y— 
so <r/ will always exceed ca m) matter accurately one deternjines 
the sensitivity prevailing on particular days. The “error” in deter- 

mining the value for a particular day is always of the fonn — and can 

be reduced by increasing n (the number of replicates). 

Substitution of the estimated values of and yields crj.^=5.r)4-l 
0.56; so day-to-day variation constitutes about 90 percent of the 
error in a inean of three determinations made on a single day. 

A correction for the day-to-day variation secured seemed desirable. 


(.CALCULATION OF HETEROAUXIN EQUIVALENTS 

A correction based on the activity of a known substance is called 
for because many factom, beyond the practical control of the investi- 
gatoics, may influence the sensitivity of the coleoptiles from day to 
(lay and from laboratoiy to laboratory, but their consideration is 
beyond the scope of this paper. This correction necessitatcnl the use 
of a known concentration (100 gammas per liter) of beta-indole-acetic 
acid with each assay of the unknown materials. The fonnula used 
in making conversions to the heteroauxin eciuivalents, sliown at the 
right of suceeeding tables, w’as adapted from that of Van Overbeek (Ui) 
It is as follows: 


cxix\ 

W 


=gamma heteroa uxin eq ui valen ts per liter of w a ter in the tissue 


where C is the coleoptile curvature, in degrees, produced by the 

S lant extract; / is the concentration of heteroauxin, in gammas per 
ter, required to give a curvature of 1 degree; V is the volume in 
milliliters of agar and water in which the extract was taken up; and 
W is the water content, in grams of plant tissue extracted. 
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rOMPAKlSON OF INOC'UI^TKI) AND (X)NTROL TISSUE AT SUCCESSIVE TIME 
INTERVAUS AFTER INOCUIATION 

Mcasumiioiits of growth siibstancos liavo l>«H‘ij made to clarify the 
hUggcslioiis about their imporiatice in fi:all fomialioM. Half of a series 
of tomato plants >^ere puncture-inoculated with croun gjall bacteria, 
and the othei’s >\ere piveii control punctures It \jas consiclen^d that 
if auxin (i e., any of the jjrowth substances causing neijative Arena 
curvature) was responsible for crown ^all devcdopiiK'nt, differences in 
auxin content might appear between gall and c*onlrol tissue. Since* 
the auxin cont(*nt might fluctuate in relation to the progress of gall 
development, examinations were made at about 1, 4, S, and lb days 
after inoculation. On tin* last day proliferation w'ns well under way 
The* auxin in the growing tip was removed from the* complex in three 
series l)v using only d(‘capitate<l plants. In three other parallel series 
wliole plants wen* used The work was done in the early part of I9.T.) 

As lepresentativi* of the work done, detailed results of the series 
inoculated Februai*v IS arc given in the upper jiart of table ll 

r\i)LL 3 Vtown gall anti conliol itssut compand of ptogns^m intirvals in tegntd 
to amounts of growth std)*^tancts that prod act \v(ria coUopirh curvatuns and thnr 
hftnoaurrn tguimltnt\, 
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An (*xample of the coiiv’^ersioii to lieteroauxin ecjuivalents is given 
with the firat calculation in table 3, where 5 degrees of curvature are 
equivalent to 5 hctcroauxin equivalents. Tin* degrees curvature are 
given in the table in terms of the nearest whole number, namely, 5, 
although th(* actual figure in this case was 4.7, this being the average 
curvature in degrees of 24 coleoptiles. Thus, C is 4.7; /is 100 gammas 
per liter divided by 9 demves of curv^ature or 11.1; and V is 1 ml. of 
agar plus 1 ml. of material, or 2. Since greenhouse galls contain about 
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10.3 percent of dry matter {10) in 25 gm. of tissue, there are 2.6 gm. of 
dry matter and 22.4 m. of water; thus 1^'is 22.4. (Since there seems 
to be no significant difference between the percentage of dry matter 
in greenhouse galls and control stems, the same correction factor is 
used here for both gall and control tissue.) In this case the hetero¬ 
auxin equivalents are about 4.0 gaminas per liter of water in the plant 
tissue. The nearest whole number is 5, wliich appears in table 3. 
Detailed results of other trials are onutted because of their volume. 

The results with decapitated plants in the series inoculated Febru¬ 
ary 18, February 22, and March 8, respectively, are summarized in 
table 3. For making these* averages the daily determinations to one 
decimal point were used. There is an average variation from 5 to 7 
gammas of heteroauxiii equivalents per liter of liquid in gall tissue 
and from 5 to 6 in that of puncture controls. 

Wliole plants were used in throe series, also summarized in table* 3. 
Except for higher auxin values throughout, the results are similar 
to those with the decapitated plants. Since the growing tip is a ready 
source of auxin, the greater amount found was atiticipateri. 

The galls developed well in decapitated plants in which only half 
as much of auxin was det(*cted os in whole plants. This in itself 
indicates that gall development is independent of auxin (diange from 
5 to 10 gaminas per liter. 

The summary of all the tests is given in table 3. The greater amount 
of growth substance on the fourth day after inoculation does not 
s<*em significant. It appears that there is a slight incr(»as(* in tin* 
amount of gi'owth substance hi the inoculated tissue at ea(*h av(*rag(* 
time interval over that in the control puuctim*. When one n'calls 
that 8 gammas per liter represents 8 parts in 1,000,000,000, om* 
recognizes that the difference oetweon 8.8 and 7.9 is hardly significant. 
Even this difference disappears when a suitable correction is added. 

The living protoplasm is r(»asonably considered to be the portion of 
the tissue active in the production of gi'owth substances. So a com¬ 
parison of gall and control tissue on a total nitrogen basis may bi* a 
closer approach to an estimation of the amount of living substaiuu* 
than is a comparison on a weight basis. Nagy et al. {10) showed 
that in gr(*enhouse galls total nitrogen was 3.3 pere(*nt of the dry 
matter, whih* in coiresponding stems it was 3.0 perc(»nt. A comparison 
of auxin values on a total nitrogen basis is doubtfully applicable 
where plants have been recently inoculated since there is then oidy a 
slight development of gall tissue. However, when such coiToctions 
are applied to the averages of all these trials, the results are as shown 
at the bottom of table 3. Here any indication of a significant differ¬ 
ence between gall tissue and control tissue seems to disappear. 

COMPARISON OF TISSUES GROWN ABOVE AND BELOW CRITICAL TEMPERATURES 

FOR GALL FORMATION 

The auxin content of tomato tissue grown at 27® C., where gaUs 
develop, and at 31®, where no galls develop {12)^ was studied early in 
1940. Experimental plants were puncture-inoculated at 1- to 2-incli 
mtervals in several mtemodes. They were grown in two cubical 
chambers about 4 feet on a side located in the basement of the green¬ 
house. With rare exceptions there was a variation from the set 
temperatures (27® and 31®) of less than 1®. The*plants in each cham¬ 
ber were illuminatpd from above for 12 to 15 hours by 10 daylight 



Oct I, J041 


A Sivdy of Growth Substances in Crown Gall 


401 


flu()ro8coTit, 30-iiicL, 30-wati lamps with aluminum reflectors about 
30 inches above the pots or boxes. No effort was made to regulate 
the humidity of the air, wliich fluctuated in both chambers around 
()5 pci cent of saturation. Fresh air was supplied by forced vi^ntilation. 
The plants wtTc harvested 4 to 5 weeks after treatment. 

Fifte(‘n-gram samples of gall tissue, and of stem tissue from lx*tween 
1h(* galls, were taken from plants grown at 27® C. A similar sample of 
st(*m tissue was taken from between the inoculation points on plants 
growii at 31°. Tlx* tissues were ether-extracti*d as described earlier 
and the extracts assayed on Arena colcoptiles. 

Th(* results from temperature studies are shown in table 4, which 
is arranged in a inanniT similar to table 3. In g(*neral, the amount of 
growth substance found was similar to that in whole plants, as n*corde(l 
in table 3. The difference in the amounis of growth substances se¬ 
cured from the stems at 27° and 31° C\ is not considered significant 
as far as gall formation is concerned. It is much less than that be- 
twc*en the whole and decapitated plants (table 3), and even in the 
latt(*r instance gall devi'lopment was not significantly influenced. 
Whatever difference exists in the temperature series can probably be 
attributed to less vigorous growth at 31° than at 27°. C'orri*cted on a 
total-nitrogen basis the averages show approximately 2 gammas per 
liter mon* of growth substances in the galls than in the controls. This 
is not considtTod signifi(*ant and possibly can be (*xplained by the mon* 
active growth of the gall (issue than the* adjacent stem tissue of tlx* 
same plant. 
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Although IX) significant differences wen* found in the aiuount of 
growth substances either in crown gall and control tomato tissue or in 
tomato tissues grown above and below the critical temperatures, there 
a re two remaining possibilities. Mon* auxin might have b<*(*n produced 
in the gall than in control tissue, but it might have disappeared rapidly 
because (1) it was decomposed during gall foimation, or (2) it was 
diffused away so rapidly that it failed to accumulate. Evidence about 

420»72—41-:t 
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the first is difficult to secure. The data from decapitated and whole 
plants in table 3 seem not to support this possibility. TIh' second 
possibility was studied by means of diffusion technique. 


DIFFITSION FROM GALL AND CONTROL TISSUE 


The amount of gi*owth substance which diffuses from crown gall 
and control tissue was studies! by a technique similar to that employed 
by Went {17) with the tips of Avena coleoptiles. Tomato plants, 
from which gall and control tissues were obtained, were grown in the 
greenhouse and inoculated under conditions analogous to those in the 
extiaction experiments. The materials were tested for diffusible 
growth substances at 1,4, 8, and Iti days after inoculation. 

Two stem segments with a combined weiglit of 500 mg. and with 
oiU‘ inoculation point each were cut out with a razor blade. In 
several experiments no growth substances were' obtaine'el by diffusion 
from crown gall tissue itse'lf. For this reason, al>out 2 mm. of steun 
tissues w’as left lieleiw the inoculation point, or gall tissue, when the 
ino(*ulatc'd se'gme'nts were re'inovc'el fiom the plant. The loweT e'lid of 
each se'ction was theiroughly waslie'el with a '‘salt sediition’’ ceunpeisi'd 
of NaCl, 6 gm.;KCl, 0.4grn.; Ca(l 2 ,0.4 gm.; and H 2 (), 1,000 ml. {S). 
This re'moved the exudate freun the cut ce'lls anel supplie'd a moisture 
film to facilitate diffusion. The ste'm segme'iits were the'ii plae'e»d 
upright on agar blocks measuring 1 by 8 hy 11 mm. anel consisting of 
1)^ percent i^ar in the salt solution. The bleicks weTe* em glass 
microsceipe sliele's. The slide's with thc'ir con’csponeling agar bleie^ks 
and steun se'gme'iits we're placed in Petri elisiu's lineel with wet filter 
pape'r for 2 hours at laboratory temperature. Fedlowing this eliffusieui 
the agar blocks we're each cut mto 12 equal parts and applied to Arena 
coleoptiles. Similar tre‘atme*nt was given tissue with e*ontroI pune*- 
tures. The results are e*e)m'sponelingly base'd on the ave'rage cur\a- 
ture of 24 colcnjitile's for e'aedi mate'rial pe^r te'st. 

The polarity eif growth substance meive'nie'iit was ajipare'iit since* ue> 
active substance was eibtaine'd in trials wlu'ii ste»in se»gme'nts we're* 
placed top down em the agar blocks. 
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Niirnorous prolimiiiary oxporiineiils woro coiidu(‘U*(i to determine 
Iho rolalion of colooptilV curvalim* to (1) iho area of tho diffusion 
surface, (2) the diffusion time, and (3) tlic wot weight of the sample. 
Th(^ results were quite variable. Within the limits of tin* studies no 
significant relation was determined betwt^en thc'se factoi-s and the 
coleoptilo curvatures. The details of results are omitted. Since 
iuoculal(‘d and (?ontrol tissues were similar respecting thes<» factore, 
the r(»sults given in tabic* 5 are primarily comparative. The value's, 
while within the*, supposc'd range of quantitative coleoptile scuisitivity, 
contain olijc'ctionable variations. ()ne reprc'sc'iitative trial appeal's 
in table 5. Th(» avc'rage of 4 trials is given with corrc'ctions on the 
total-nitrogen basis. 

As in previous trials, there was no significant difference between the 
amount of growth substance secured from inoculated steins and from 
those receiving only control puncture's. Thus, it appears that the 
diffusion of growth substances from crown gall is not significantly 
higher than that from control tiss^ie. 

DISCUSSION 

The mechanism by wliich the c'rown gall bactc'ria induce the cliarac- 
teristie pathological cell growth has been investigated by a number of 
research workers, as explained in the introduction. Recently the 
chemical cause of this diseasc'd growth has bc'en suggested or claimed 
to be beta-indole-acetic acid or some closely related substance elabo¬ 
rated by the bacteria during growth in the host tissue. This concept 
has been based upon several lines of evidence- (1) The crown gall 
bacteria produce beta-indole-acetic acid or a similar substance in 
suitable cultures; (2) extracts of the crown gall culture and of crown 
gall tissue when applied to suitable plants have induced proliferation 
more or less closely resembling crown gall tissue; and (II) preparations 
of beta-indole-acetic acid when applied to suitable tissue ha\e also 
induced proliferation closely resembling crow^n gall. 

From these lines of evidence it has appeared to some that beta- 
mdolc-acetic acid is the active bacterial metabolite and that the 
crown gall ])roblem has been solved. All of these different lines have 
been studied and conlinned in the writers* laboratories. However, 
certain additional experiments have been made in parallel with 
these investigations. They have she<l further light u])on the problem 
and cast doubt upon the validity of certain conclusions. 

The necessity for rigid controls on experiments dealing with the 
m(‘(*hanism of ci'Il stimulation in crown gall and some suggestions 
regarding tlic'in hav(' been indicated by Riker and Berge (14)- When 
such controls wc're ajiplied to th<' present investigation, it aiipeared 
that not only the crowni gall oi-ganism but various nonpathogenic 
bactc'ria proclluced bc'ta-indoh'-acetic acid or closc'ly relatc'd growth 
substances in suitable culture inc'dia. On the most favorable 
medium for this production the* maximum amount of gi*owth sub¬ 
stance's ever sc'curc'd was about 125 gammas pc'i* liter (7). 

A variety of extracts from plants and also various chcmiicals are 
capable of* inducing proliferations in plants. Score's of suedi sub¬ 
stance's have bee'll listc'd in the re'vic'W by Riker and Bc'rge (1-^). 
The overgrowths induced by beta-indole-ace'iic acid are histologically 
similar in many respects to those induced by crown gall bacteria (4). 
Although 1 percent and sometimes smaller amounts may be e'ffective 
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on some plants, the common dosage is 3 percent in lanolin, which 
corresponds to 30,000,000 gammas per liter. When used for inducing 
roots in cuttings, aqueous solutions of beta-indole>acetic acid are 
commonly diluted to less than 1 in 20,000 (.50,000 gammas per liter). 
The concentrations occurring, therefore, in bacterial cultures and in 
plant tissues are hundreds or thousands of times smaller than those 
employed for inducing pathological growth with chemicals. 

The “host range” of beta-indole-acetic acid is somewhat diff(*reni 
{13) from that of crown gall bacteria. There are some plants that 
respond to this substance that are not susceptible to crown gall, while 
there are others susceptible to crown gall that do not respond to Ixdu- 
indole-acetic acid. 

Thus, it appears fi*om the evidence pn*8enl(‘d here (1) that tin* 
present writc^rs havc» confiimed the experimental results (mentioned 
earlier) of other investigatoi’s, (2) that they have provided new evi¬ 
dence shedding further light upon the interpretations, and (3) that 
these inteipretations need revision. So far as the present writei’s an* 
aware, there is no satisfactory evidence showing that the pathogenicity 
of crown gall bacteria can be attributed to the production of hetem- 
auxin or similar growtli substances measured by the technique lu're 
employed. 

However, the crown gall bacteria produce various growth sub¬ 
stances other than auxin use, in fact, everything t hey require for growth 
in a purely synthetic medium. Measurements reported by Mclntin*, 
Riker, and feterson (9) have shown the synthesis by tins orpinisrn 
of unusually large quantities of biotin, large amounts of flavin, and 
moderate amounts of thiamin and pantothenic acid. This ability of 
the crown gall organism to manufacture other growth substance*^ 
needs further study in relation to its cell-stimulating pro])erty. 

SUMMARY 

(jrowth substances of the heteroauxin group have Ix'eii sludicMl in 
relation to crown gall formation. 

About 90 percent of the variations in tlu* jXoeria coleoptilc‘ ti‘st 
used were eliminate<l by taking the results in tiums of heteroauxin 
equivalents. 

No significant difference's in auxin content were found between 
inoculated and control tissue 1, 4, 8, and 16 days after inoeuilation, 
especially when comparisons were made on a total nitrogen basis. 

Galls and control stems from decapitated tomatoes contained 
approximately half as much auxin as those from whole plants. How¬ 
ever, galls were siniilar in size on both kinds of plants. 

No significant difference was found between the auxin content of 
tomato stems grown at 27® C., where galls develop, and at 31®, 
where galls do not develop. 

No significant difference was found in the amount of auxin diffusing 
from stems bearing galls and from control stems. 

The experiments of certain other investigators, from which sug¬ 
gestions or claims were made that substances like heteroauxin were 
responsible for the pathogenicity of crown gall bacteria, have been 
repeated. Although their results have been generaUy confirmed, their 
conclusions have appeared unjustified. So far hs the writers are 
aware, the crown gall bacteria are pathogenic independently of auxin 
production. 
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A STUDY OF SAMPLING IN CROSS-SECTION MEASURE¬ 
MENTS OF WOOL FIBER.‘ 

By Barbara Railba - 

liciuaieh amstant in hmnr ironoiiiies, South Dakota Agririiltuial Exptnmi-nt Station 

INTRODUCTION 

Since th<* pre8(*nt wool-grading Byatein is bused laigely on fiber 
diameter, stuudurdizution of tb(‘ technique of sampling und measure¬ 
ment is of gr(‘at importance to the industry. Various procedures are 
now employiKl for tlie measurement of wool-fiber diameter, including 
the cross-section method, which is recogniz(*d as an official method by 
tire American Society for Testing Materiiils (1, pp. 17S 176)? 

In the previous paper {2) a discussion of methods which have been 
and are now in use in tin* UnitMl States and foreign countrij's wa« 
presented. It was pointed out that in the case of the conventional rapid 
cross-section method it was not |M)asible to record the diameter at 
inor(‘ than a limited numlxT of points along th(‘ fiber length. This is 
in contrast to tin* metInKi ein]»Ioy(*d by the British Wool Jndustrit's 
Research Association and ap})roved by the International Wool T«*xtile 
Organization (,10) in which the fibers are cut into very short lengths 
in order that tin* entin* length of tin* fib(*r may be re])n*s<*nt<*d in tin* 
final samph* m(*asuri*d. 

Malan, (hirter, and Van Wyk (7) havt* recently r(*port(*d a study of 
various methods of sampling Merino wool fib(*r for diamet(*r iin*a8'ure- 
raents. One s{*t of fibers was cut transv(*r8ely ir>to as fine fragments 
as possible throngliout tin* l(*ngth of tin* fiber; the s(*cond s(*t was cut 
transv(*rs<*ly at three* points (base, middle, ami tip) along the fiber 
lengths; the third was cut transversely at the middle of the staple; and 
tin* fourth obluiucly across tin* ha.se and tip of two diiferent sections of 
fih(*r. Euparal was us<*d as the mounting medium and the diamet(*rs 
of tin* fibers as th(*v f(‘ll onto tin* slide w<*r(* measured micn>scopieall'y 
by two «lilTer(*nt (»l)s<*rvc*rs, the assumption beitig that the fifn*r8 will 
fall in such a manner that a large numb(*r of nu*nsurements will form 
an even distribution b(*twe(*n greati*st and least diameters repr(*sent(*d 
in tin* samph*. From a statistieid stnnd]>oint the authors concluded 
that the third und fourth methods hud much to reeomuu*n(i them, 
the fourth method b(*ing the most difficult sampling procedure*. 
Significant diffen*nce8 b(*tw(*<*n the meusur(*m(*nts of the two observers 
were found. It was concluded that tin* m(*asur(*m(*nt of 2.50 fibers on 
a single well-prepared slide is sufficient. 

The prt*8ent study was undertuk(*n to determiin* the variation u» 
fiber diam(*t(*r and contour in samph*s of fiber from three* inesitieens 

‘ llecpivetl roi mihlication Jiinv A, IMO. J'aiiei No. 1B7 of the Jouiiml Series, South J)a]fnta Ai^ririiltural 
K\(wrinient Station. 

^ The author wishes to express her Kratitiide to Dr. S. V. Swenson, nss(K*uit« aitronoralst for the South 
Dakota Agrirultural KxjicrlinoDt Station, and to Dr. F. H. Iniiiier, ptofessor of agniiininy and plant genetles, 
University of Minnesota, for assistanra with the statistiml analybps of the data, and to Hailmra Webster, 
loiiiier student at South Dakota State (^illeite, for preparing the micniscopic slides 
i Italic numbeis in iiarentheses refei to Jilteratiire Tited, p. 416. 
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along the fibcT length. It was hoped that tlie statistical analysis 
would indicate whether, m grading flocks of sheep, there is an ad¬ 
vantage in measuring fiber diameter at more than one point along the 
fiber length and also whetlier, in the pading of individual samples of 
wool fiber, a significant difference in diameter and contour ratio exists 
at three specified points along th(» fiber length. The animals r('present(Hl 
in this study were fed the same diet and maintaincHl under th(' same 
environmental conditions. 

METHODS AND MATERIALS 

Sainph^s of wool fiber from the Notail brc'ed of sheu^p raised at tlie 
South Dakota Agricultural Experiment Station {11) were taken from 
the shoulder, middle, and thigh portions of nine individuals. Portions 
of the samples were then cut into three* equal i)arts, and the* fiber 
tliorouglily clean(*d in carbon tetrachloride, stained witli a saturated 
solution of picric acid, and stored in a desiccator containing sulfuric 
acid of a concentration cahnilated to maintain an atmos])h(*n* of 
approximately (55 percent redative humidity. Approximatedy one*- 
half of each sample portion was required to pre'pare tlie' two slide's feir 
fibeT measuremeMits. The prewediires iiseel to prepare the microscopic 
slides and to secure the fibe'r diameteT measurements e)f 200 fibe'rs per 
sample have bee'n de'senbe'd pre'viously {2). In each instance* the* 
diameter reporte'd is that found at approximately the middle of e*ach 
sample* portion of the fibeT, but it is not pe)Rsible* in the* cross-se*ctie)n 
method to re'cord fibe*r eliamet(*r fe)r ea(*li inelivielual fibe'r U8e*el at the* 
thre'C points me*asure*cl. All the me*a8ure*me*nls we*re* made by a single* 
observer. 

The mean eliame»te»r anel contour ratie>s A^e*re* dete*rmine*el, and the 
standard de*viation was calculate'el to furnish a measure* of the* varia¬ 
bility. The* fonnula sugge*sted by Sne*ele*ce)r (.9) has be*e*n use*el thre)ugh- 
out in the* chi-square test for homoge*ne*ity of e*rrors, anel in ce'rtain 
instance*s Bartlett’s t(*8t for home)ge*ne*ity (>{, 8) was applieel. The* 
analysis of variance de*ve*le)ped by Pishe'r [G) has be(*n applieel througli- 
out the study. 

EXPERIMENTAL RESULTS 

It is r(*ce)gnizeel in the analyses of the data use*d in tliis elise'ussieui 
that the nine flee'ces employe*d do not ne*C('ssarily charjicte*rizc the* 
Notail breed. Tli(»se particular she*ep we*re* che)sen for the study 
because it was believe»d that they e*xhibit(*el ce'rtain supe'rior fiber 

J ualitii's anel would be* el(*sirable animals to use fe)r breeeling purpose's, 
t was felt, howev(*r, that the data obtaine*d would be usc'ful in sugge'st- 
ing ce'rtain fibe*r relationships that may exist in a flock of shee'p anel the* 
aelvantage*s or disadvantages of the method used to study fibe»r 
diameti*r anel contour. The latte*r information wenilel be* e)f j)articular 
value to tlie wool grader. 

Location em the animal, such as shouIde*r, middle, anel thigh, will 
be indicatc'd by that de*ai^iatie)n, and the particular point em the* fihe*i 
will be re*fe'rre*el to as position in the fiber. 

In tablc^ I are given the average diameters of 200 fibers from eae*h 
of 3 loncations on eae^h of 9 sheep at 3 points along the fiber length. 
The standard deviation of single observations has been oalculateel to 
indicate the variability of these measurements. 
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J'ABLfc 1 Avdogt dimeter and standard deviation of singh nuasvrcmenih of 200 
wool fibers from each of 3 positions in iht wool fibei at ? locations on the Notail 
brud of shtep * 
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II a oonipositr IS made ol (he moasuieiiieiits (»f (lie libei in the 
three positions, eonsiderable yanalioii will be found (o exist in fiber 
diain(‘ter between sheep-witliin-fiber-iiosition at any pxen location 
(table 1). On an axerage the standard dexiation of the liber at the 
lliitrli of the tleece'^ was p'eater than at the middle and shoulder 
The middle and shouldei showed approximately the same vanability 
in standard deviation among the three portions of liber within each 
location 

As shown in table 2, witli few exceptions the ratio of the greatest 
diameter of the fiber to the diameter at right angles to it was greater 
than the 1.20:1 ratio repoi ted by Bpker (t^) for the ideal fiber. With 
the exception of 1 middle and 1*1 thigh samples all contour ratios were 
between ratios of 1.2:1 and 1 3 to 1, the average i atio for w ool fiber com¬ 
puted by Von Bergen and Krauss {/I), At each position in tlie fiber the 
average eoutour ratios increased piogressively from the shoulder to 
the middle to the thigh locations on the fleeces, and the standard 
deviations showed the same tendency 

The chi-square test for homogeneity of errois has been used to 
determine whether the variability of the fiber diameter and contour 
measurements for separate locations on the fleeces and among the 
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various fiber positions were homogeneous (9). The Bartlett test was 
applied in all the diameter measurements at the shoulder loeation on 
the fleeces, and in no case did the values obtained change the signifi¬ 
cance of the errors. Therefore, the results with Snedecor\ method 
are used throughout the present discussion 


r\BLfi 2 Avnage contour rahos and standatd diviations of sittgli nuasuutMnfs 
of dOO wool JihtrH from each of d positions in Iht wool jihn at i locations on thf 
Nolatl hrnd of hhap * 
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141> 

1 24 
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1 24 

15S 


24 

152 

MOl 

1 22 

\2k^ 

1 23 

1K> 

1 2H 

!«> 


24 

l«> 

6412 

1 20 

127 

1 21 

lb7 

1 21 

121 


22 

140 

Aviiagt 

1 21 

155 

1 2} 

150 

1 25 

152 


21 

HI 

f4100 

1 25 

145 

1 20 

Ib2 

I 28 

Ibl 


27 

15" 

4b 10 

1 21 

112 

1 25 

148 

1 2) 

ri 


21 

111 

4ti71 

1 K) 

ISl 

1 28 

1H3 

1 27 

IM 


28 

17" 

4sn 

1 25 

151 

1 27 

112 ' 

' 1 27 

Ibl 


2i> 

152 

4001 

1 25 

110 

1 11 

Ib9 

1 2(> 

151 


27 

154 

t914 

I 27 

150 

1 27 

119 

1 28 

1 >8 


27 

152 

5151 

1 24 

144 

1 28 

172 

1 tfl 

201 


27 

175 

5104 

1 22 

150 

1 21 

117 

1 2(t 

142 


21 

117 

5412 

i 23 

148 

1 24 

no I 

1 i 35 1 

1 1 ‘ 


24 

14H 

Average 

1 25 

140 

1 27 

155 

1 27 

Ibl 


2t> 

15»» 

f4100 

1 10 

lb5 

1 11 

190 

1 2S 

155 


10 

171 

4010 

1 2(i 

18b 

1 20 

Ibl 1 


1% 


20 

182 

4b71 

1 11 

20b 

1 28 

189 1 

1 1 29 

171 


10 1 

1 m 

4811 

1 15 

184 

1 11 

201 1 

1 1 1t> 

211 


15 • 

' 201 

4001 

1 20 

17b 

J 11 1 

1 197 ' 

' 1 20 

187 1 

1 1 

10 

18" 

4014 

1 10 

190 

1 15 1 

1 192 

1 11 

171 ' 

1 1 

U 1 

1 18(1 

5151 

1 28 

Ibl 

1 28 

1 

I 29 

187 


28 < 

' 11)8 

5104 

1 29 

195 

1 11 

204 

1 10 1 

1 Ifi8 


10 

ISO 

5412 

1 « 


1 21 

142 

1 11 1 

1 195 


28 1 

1 181 

Vvirigc 

1 «'i 

1 I8f> 

1 «) 

183 

1 11 

IS4 

1 

*■; 



i*Al] average standaid diviations in this tabli wore ohtainid as an average within flficis l)V aviraginu 
the sqiiand standard dt viatiuns and ixtracting the square loot 


T\ble 3 —Valuts of x® found from homogeneitif tentB oj vanance pntaimng to 
dianuler and contour mcaouremi nts of fiber at different locations on fliece * 


lioeation on fle<*(e 


Shoulder 

Middku 

Thigh 





X*for— 



Degrees 

of 

freedom 


Dianif ter 



( ontour 



Flesh 

Midiiuint 

iiP 

Flesh 

Midiwmt 

lip 

8 

07 63 

57 56 

96 78 

21 lb 

28 74 

20 22 

8 

70 42 

40 30 

160 11 

78 3b 

61 2b 

44 60 

8 

64 74 

48 24 

162 22 

-iL 

40 60 

41 78 

20 91 


> Ml X * valufn in thu table exceed 1-pereent point 



Oct 1, 1911 


Sam pi i ng i n ( VosH-ttecfion Measurements of Wool Fiber 411 


Table II shows tlie values of for a homogeneity test of errors ^or 
the diameter and contour measurements when a eoraposite is made 
of all the fleeei's at any om* fleece location aiul position. In the case 
of the diameter measuremiMits all the eomposilc's were heterogeneous. 
The flesh and midpoint samph's were more heterogeneous at the 
shoulder, and the tip at the middle and tliigh locations. The most 
homogeneous sample was the middle midpoint and tlie most hetero¬ 
geneous tlie middle lij). 

In the case of the contour measununents (tabl(‘ li), all the com¬ 
posite's were heterogeneous. In most of llu* contour measurements 
the samples did not c'vhibit as gi*eat a lendi'iicy to heterogi'iieity as 
the diameter measurements. 

If the fiber data are grouped according to location on a fleece and 
is computed for the relationship betwi'cn filxT positions, homo¬ 
geneity will b(' found to exist in approximately thre(*-fourths of tin* 
diameter measurements (table 4). Thus in all but two fleeces at 
the shoulder location, two at the middle, and three at the thigh, 
homogeneity existixl lielween the flesh, midpoint, and tip portions of 
the filler of the same fleece 

TviiLK 1 Valui*^ of x’ fonmi ftooi homogtmiiii Usts of mnann ptrlantinq to 
thaoHUt anil ronfout ttnasitu mintn ol fibn ftom dtffntnl ihtets^ 


\ for 


1 ICM (( \0 

snf 

Irif doin 


Diaimtir 



(\>utour 




shoiildci 1 

Midtilt 

1 lUfrh 

Mioiildir 

Middli 

Tliiph 

ICN) 1 

! 2| 

2 ' 

*7 M * 

1 

4 2H 

*•24 .12 

3 29 

••0 62 

IfiK) 1 

1 1 

1 21 

94 1 

1 11 

1 92 

4 .44 

•0 80 

4(i7L 

1 2 

4 70 1 

2K 

••14 01 1 

1 fiK 

2 *24 

•li 14 

4KH 1 

i 2 

•7 U ' 

2 07 

•7 74> 

4 1« 

4 00 

4 40 

1901 , 

2 

02 

19 

4K 

••11 42 

•7 14 

2 .1.1 

1914 ' 

2 

11 

42 

1 94 1 

1 4.1 

74 

*2 18 

11'll 

2 

1 OK 

•(1 '49 

1 70 

1 .40 

••23 (Ml 

•8 21 

not 

j 

*K fiO 

4 41 

.4 02 

4 4h 1 

••11 82 

•7 42 

A\2 

2 

■| 9H 

1 46 

•*12 14 

*•21 .48 

2 88 

••22 71 


I 


•x imxhIs Apinent jioiMt **x 1 ivnciil iiuini 

As shown in table 4, diamet er w as more homogeneous throughout the 
fiber length than contour ratio. Fiber that was homogeneous in 
diameter measurements was not necessarily homogeneous in contour. 

Homogeneity of ('rrors is assumed in the calculations of the anaJysis 
of variance, but, as was sho\\n in tables 3 and 4, the individual fleeces 
and composites did not exhibit this characteristic in all instances. 
Since, however, the nin<» lleeci's stiidii'd were tin* only ones for which 
data \i(‘re available', the analvsis of variance was applied, recognizing 
that the variability of the individual fiber measun»ments of the differ¬ 
ent sheep was not of a homogeneous naturi'. 

In table 5 are showm the mean squares for sheep, positions in the 
liber, and the interaction of sheepXposition (error) of the diameter and 
contour measurements. Generalizations regarding average diameters 
and eontoum for the three positions in the fiber over the entire fleece 
and for all sheep of the breed may be made from the data in this table. 
In the case of the diameter measurements, differences bc'tween sheep 
measurements at a single location were highly significant, and differ- 
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ences due to position m the fiber were signifieant at the middle location 
only. The mean square value for vaiiation due to erroi was lowest at 
the middle location and highest at the thigh 
In the contour ratios reported in table 5, a significant differenc(» 
between mi^ans of fiber measurements at the middle location was 
found, while all othei differences were nonsignificant The eiix)! 
vaiianee for the thigh location was appioximatidy twice that oi tlie 
shoulder and middle 

Table 5 \lian squaus joi ^hfep, position in Iht fibfi and nioi fioiii analqsis of 
variantc of diamtiti and conioin mtasurtnunis modi at ihitt locations on thi 
fleece ’ 


MI ail s(]iiart \ aliit ^ fur sht t p * position and t rror * at 1 locatiniis 


1 (Mat Kill 


nntiKfir 



( nntciur 



1 shc(j) 

1 (SltlOlI 

!• rnir 

'^hl ( p 

J o It ion 

h rror 

shouldtr 


i\S (1 

2(11 7S 

0 H'll 

0 2424 

(1 ( h"*- 

Mlddk 

*•2 412 W 1 

1 ‘t M 24 

Ifl 84 

• 22 W 


(KifiS 

J hJeh 

•*4 M2 *'# 1 

1 1 482 2r 

''7'- 22 


(IMI 

128( 


< *1 Ynids')p(r((nt iKiinl mth( /l<«f •Svtids l |>orc(nl p intlnthi ftist 

^R°offrKdom 

'2 ofmidom 

<lf»®offntdoiii 

Table 6 Mean ^quaits foi position in film and tnoi at thm locations fioni 
analyses of vaiianct of jihti diamtiti and contoui nitasiiitnitnts niadt loi tin 
Notail brettl ^ 


\T( in '•qii )t( s 101 shi (I) ^ aiirl i nor ^ in t positu n 
it {lo( ihoiis 


1 IN HI Hill 

1 o*ou( 11 ID HIM I 

1 Dnnutcr 


( (ntoui 




1 

sh((p 1 iroi 

sh(i| Prr ! 

Shoiildc r 

Fksh 

**l 2h2 7*) 

24 M 

••0 (WOO 

0 ( 18^ 

Midpuiiit 

••1 402 7'i I 

21 11 

•• !()()'■ 1 

(n ( 


rip 

♦•1 'iW 7'- 

21 12 

0480 

0220 

Mlddk 

Fksh 

*•800 'lO 

28 If 

1180 ' 

0224 

Midpoint 

, ••«I7 2 1 

2r 12 

*• 1011 , 

0238 


J 

••1 021 4h 

24 >»4 

OIM 1 

DM 

J hiKh 

Iksh 

**1 4W> 12 1 

lot) 04 

•* lfi2(i 

0444 

MidiKiint 

1 **2 OW 88 

22 

•• 48* 4 

042" 


Uip 

••2 204 2'- 1 

•■S "2 

IlOf 

044- 


> ••Pxttc.ds 1 tan (Tit pi iiit iii thi / list 
K® of fn 1 dom 
1 7»>® of fhidom 


Table 6 showb the application ot the analysis of \aiianc(^ to the 
breed composite of the three positions in the fibei at the thu*e loc*ations 
on the sheep Separation of the data by position in tlie fibei for tht* 
three locations in the compo«ited fleeces is of impoitaiicc' in indicating 
whether choice of the position of measurement of diametei and 
contour is necessaiy or of sipiificance in fleece giadmg Vaiiation 
due to sheep was found to be highly significant in all cases of diametei 
measurements, and in all but two cases ot contour measuiemeiits 
The mean-square values due to error were relativelv constant for the 
three positions at the shouldei and middle locations lor the diametei 
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iiicasiiremenis, while the value for the flesh thigh was ahiiost three 
times that of the midpoint or tip thigh. 

Wlim the analysis of variance was applied to the diameter studies of 
variation due to position in the fiber wit fun a singli^* location on a fleece, 
differences were found to be significant at the l-perc<‘nt point in 15 
instances, significant at tlie 5-percont ])oint in 4 instances, and non¬ 
significant in 8 instances. These results arc shown in table 7. In the 
majority of fleeces studied the mean-souare values for variation due to 
error were appreciably higher at the tliigli location than at either the 
slioulder or the middle locations. The range in significance found for 
the specific positions within locations on a flec'ce indicates that the use 
to which the data would lie put will be the deciding factor in sampling 
fleeces for analysis. 

Table 7. ^han tiquairsfor position in the fiber and error from anahjses of variance 
of fiber diameter measurements made atlocations on the fleece ' 


Mean s(jijnr(><> for position in fihcT ^ and rrroi 3 at ;i lofations 




- 

-- 

- — 

— - 

— - 



Heeee No. * 

ShoiiidiT 1 

1 Middle 1 

1 I’hiBh 





Error 

1 i\)sition 

j Krn»r 

1 -I 

j INisition j 

1 

Error 

11W) 


*121 5 1 

32 m 

*120.0 1 

1 ;{.■> 03 1 

1 •♦312.0 

:t8.20 

»!.«) 

1 

1 **4«H fi 

23.71 I 

♦•033.0 

32 17 

*♦3. .575 0 

114.08 

4»71 


%\ (1 

23 ' 

' 13.5 

10 82 

140 5 . 

79.80 

4hl» 


. ••171 0 1 

13.13 

' ♦•I.K) 0 

32 39 

••198 5 1 

39.43 

liNll 

1 

' •*101 0 , 

17.88 

♦MO/i 0 

20 .59 

•2f»9 ,5 

08.20 

4914 



22.1.3 

21 0 

20.71 

*101.5 

.50.84 



**2S9 rt 1 

17.81 

**290. r> 

25. .50 1 

••3.53.5 

49.81 

ran 


♦•12,') 0 1 

2.'>.02 

♦♦107..') 

10. 78 1 

.59.0 

07.01 

."1412 


15 0 

20 .W 

58 5 

22 22 

••833 0 

00.7:1 


i *K\m'dsfipfrcviit )iomt iii the /’tost. **o\m'»lN 1 iiorront mtlii' /'’(ost. 
^2 of frcfdoiii. 

'.■tUT of (nr<loiii. 


Tmilb S. Mean squaiesfor position in the fihir and error fiom analifses of variance 
of fiber contour measurements made at d locations on the fleece * 


Moan .siiiinivs for iH^sition in fiber * and error < nt 3 locutioius 


Fleeee No. | 

.Shoulder ^ 

1 

, Middle j 

1 ThiRh 


Posit loll 1 

1 Error 

Posit iou 

Error 


1 Error 

1190 

1 

•*0.17tW 

1 

0 0200 

0. laio 

0.0989 

0.0219 1 

1 0.0291 

1030 

**.1172 

.0144 

.01.52 

.0204 

••.:i02J 

.0328 

4071 

.0209 

0218 

.0500 

.0:115 

•. 1.572 

.(K10:i 

4813 

.0300 

02m 

0:121 

.02:14 

0044 

.0401 

4901 

.0:122 

.0202 

•* J793 

.0240 

0200 

.(K142 

1914 

•• 1540 

.0208 

0202 1 

.0231 

*. 1.584; 

; .(K143 

5151 

.0220 

.0230 

♦• 17.52 , 

, .0304 

.0178 1 

1 .0286 

.5301 

•*. 1907 

.0185 

*• 1271 

1 0187 

.0300 1 

1 .(K1.57 

.5412 

*.0709 

0198 

.0.350 1 

1 0221 

*• 2967 1 

1 .0329 


«^EM'C'odsSiirrrent point in the /-’test ;**e\m*dsl|MT«'nt point in the /’test. 
3 2*'of freedom. 

3 597''of frtvdoin. 


In table 8 an analysis of variance is applied to the contour measure¬ 
ments at the throe positions in the liber at a single location on 
individual slieep. Variation due to position within a single location 
for contour on a fleece was highly significant in nine instance's and 
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AifTnificaiit in three instances. In only three of the fleeces were 
si^ifieant differences found at the middle location on a fleece. With 
two exceptions variation due to error was higher at the thigh than at 
either the shoulder or middle location on inclividual sheep. 

Further justification for the application of the analysis of variance 
where lieteix)geneity lias been shown may be seen by examination 
of the data in the tables presented above. Using measuremc^nts at 
the shoulder location as an example, while the variances between 
fibers within individual sheep were heterogenous, the variance's for 
individual sheep ranged from 13.13 to 33.23 (table 7), all numerically 
small as compared with the variance due to sheepX position (204.78). 
There can be little ((uestion that the variance between sheep is highly 
significant. The range for individual sheep (13.13 to 33.23) while 
significant because* of the large number of measurements involved, is 
relatively unimportant because of its small influence in changing the 
value of the interaction. 

SUMMARY AND CONCLUSIONS 

Since* sampling eif wool fleece's, pre*puration of inicrosceipie* sliele*s. 
fiber measurements, and tlie* iu*cessary calculatieins are all time-con¬ 
suming procedures, the present stuely was unelertake*n to de*termine* 
whether in wool-bri'e*ding ])rograms the ine*asurement of fibe*r (liame*te*r 
and contour at more than one point along the fibe*r h'ligtli is of im¬ 
portance. The sample's of wool were take*n freim elilferi'iit locations 
on fleece's of shee'p e)f the* Notail bree'd, expose*el to the same cnvire)n- 
me*ntal conditions and give*n the same* fe'eelstuffs. 

Examination of the analysis of variance inelicate's, in general, that 
significant diffc'ronce*s in diameter of fiber existeel between the various 
shee'p of the same bre'e*d and that in some flee*ce*s significant eHfFe»rence*s 
in the measurements of eliame*te*r and contour at various points ale»ng 
the fiber length we're pre'se'iit. 

Homogeneity of fiber eliame*te*r and ceintour ine'asure*me*nts diel not 
e'xist betwc'cn flee*ce*s within the bre*ed studie'el anel within positions 
in the fibe*r at thre*e locatiems on the same sheep. Home)ge'ne'ity v^as 
found in appreiximate'ly three-fourths of the instance's when the x* 
te'st was applie'd to studies of wool from the three fibe*r positions at a 
single location upon individual she*ep, and in more* than one*-haif e>f 
the cemteiiir me'asure*ments of the same grouping. 

Applicatiems of the analysis of variance* to flee'ce*s anel fleece com¬ 
ponents inelicate'd significant differences involving diameter measiire- 
me*nts he'cause of variation elue to location on shee'p (shouleler, mideile*. 
e)r thigh); variation due to position in the fiber at the middle location; 
variation elue to sheep at the thre*o fiber positions for each flee'ce 
location in all instance's; anel variation due to ])osition in the fibe*r for 
appreiximately two-thirels of the individual fleeces at e*acli location 
In the e'ontour studie's significant eiiffe*re*nce*s were founel be'cause* of 
variation due* to sheep at the middle location; variatiem due to she'e'p 
in all but two instances of positiems at each location; and variation elue 
to position in leas than half of the flen'ce'S at each location. 

From a practical standpoint, the measure'ment e)f fibe'r dianu*te*r and 
e'ontour at all three positions used in the present stuely would not 
see'in to be^ lu'cessary in a bree*ding program whert* such measurements 
are use*d in the preliminaiy elimination of unde'sirable or variable 
animals from the flock. Examination of data obtained by nu'asure- 
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inonts at a single position upon fibers at three locations on the fleeces 
would indicate whether ap])reeiable variation among locations existea. 
These same data ooidd bc^ used in comparisons of sheep within a flock. 

From the results here reported it may be concluded that in studies 
of the effects of environment and fet'd, consideration of variation 
throughout the length of the wool fiber is of importance'. Spinna- 
bility of wool is effected by contour and diameter and their variation 
among and within fibers. Thus, in conducting a wool-breeding 
program to produce a maximum of desirable fleece mialities, this study 
indicates that diami‘ter and ])Ossibly contour should be nuMisured at 
more' than one ])oint. 
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ROOT ROT OF PEPPER AND PUMPKIN CAUSED BY 
PHYTOPHTHORA CAPSICI' 

Ity (’, M. Tompkinh, annintant plant pathologint, CalifoinUi Agricvltural Jixperi- 
mcnt ittaiim, imd M. Tuckru, ehninnan. Department of Botany, Mintowi 
Agrienltnrat Experiment station 


INTRODUCTION 

A (l(*stnK*tm* i-oot I'm! of 1 m‘ 11 or sweet p^reeii pepper ^ t 'afmtrunt aii- 
tiuim L. vair. (/roatiim Seiult.) and pumpkin {Vucurhtfa pepo L. var, 
eoiulenm Bailey) plants was obsei-ved in a truck section of the San 
•loatiuin Valley, near Merced. Calif., on May It), 1934 ( 7).® In 
addition to a high mortality, many plants showed sudden and severe 
wilting, and as the st'ason pi'ogmssed, there was a marked ledaction 
in stitnd. The disease was caus(Hl hy Phytophthora cnpttici Ijoonian 
(/>). Because of tlie economic iiii}a)rtancc ot these cwps, an investi¬ 
gation of the dist*ase was undertaken. The Hsiilts are presentetl 
herewith. 

REVIEW OF IJTERATURE 


In 1922, Leonian ('>) descrilaHl a stem and fruit blight of chili 
pepper, <‘aused by Phyfophlhorn ctipniri sp. nov., which was prevalent 
in New Mexico.' Symptoms of the disi*ase consisted mainly of dry 
lesions on the pods, blighting of young and older branches, and 
girdling. While the jiathogen diil not cause a root rot under field 
or greenhouse conditions, it sometimes affected some of the younger 
roots. IntriHluction of tlie fungus into the soil failed to cause wilt¬ 
ing of healthy peppei- plants. 

Subs(*quently, the blight jihase of the dis»*as<> was reported fnuu 
other States and foivign countries. 1'here aiv, however, several 
leports dealing with the root rot phase which are heivwith raviewed 
lK.*cause of their direct iK'aring on this paper. 

Wilt and desiccation of chili and eggplant sisallings. accompanied 
by a collar constriction, was iwirded in the jirovince of Naples, 
Italy, in 1924 by Twitter {II). The flowera and foliage Avera not 
directly alfHed. The causal organism Avas identified as Phytoph- 
thom omnivoro. This appears to be the first ivcord of the (icrtir- 
raice of a phytophthora disease of pepper characterized by wilting 
due to root iniection. . 

In 1927, Cur/ii, (/) descriln'd a wait rot disease of chilies caused 
by Phytophthora hydrophUn. Tlieit* Avas evidence that the dist*ase 


Uteci'Ived for publication Kebriiary *1, 1941. Joint contribution from tlic Division of 
Dlaiit J»utholop.v, (California ARrlcultural Kxpi*rlment Station, and the Department of Bot¬ 
any, MlRflouri Af^rieulturul Experiment Station (Journal Series No^ 720), 

* Iliilie numbers in pareiitht^MeK refer to Literature (Cited, p. 12r>. 
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was spread by water. Tueker (IJ) has siiire shown that this sj)ecies 
is identical Avith P, vapHtci, 

Sarejanni (/y) found a stn-ioiis collar rot of chilies in Macedonia, 
(Ireece, in HKW, wdiich was caiist*d by Phytophihora rapttivi. At 
least 70 |)ercent of the (Top was affected. l)iseas(‘d plank quickly 
wilted, while o(*casional attacks wei*e noted on the fruits and on 
youn^ ])lants in seedlieds. Inflection was favored by hea>y watering 
and the pfevailin^ Iii^h siiinnKT temperatures. 

In Florida, in 193ii, Weber (IJ) observed both a bli^litin^r of the 
aerial parts (steins, braiudies, fruit, and leaves) and a ^irdlin^ of 
pepper plants at the soil level by Phytophihora vapnlcK resulting in 
sudden wiltin^jf and death. Tbe hitter symptom may have tieen 
caused bv riKit infection, although it is not so stat(‘d. 

A(*cordin^ to Kr<»utzer (•-/). a specie's of Phytophihora (])robably 
P. rapHhi) isolated from rotthi^r cucumbc'r fruits (*ause(l severe 
dampin^-off of ciicumlau* and |K‘pper seedlinpfs. Also, 10 to SiO days 
after the fun^rus was introduced into soil in which mature pepper 
plants were jri*owin^, the ])lants develo])ed a sevei‘e blijrht. 

In a ivcent annual report of the C\)lorado Ajrricultural Experinu'iit 
Station («V), is was stated that Phytopthora rapnicK obtained from a 
fruit rot of tomato^ had been shown to t‘aiis(' a wilt of ]>epper plants. 
In Weld county, the same organism was ivsponsible for a wilt of 
s(|uash and watermelon. 

The I’esults of fuilhcr studies on a di'cay of cucumber and tomato 
Iruits and on a wilt of s(|nash and watermelon vines, caused by 
Phytophihora (apt<in\ wer(» r(*cently publislu'd by Krentzer. Bodine, 
ami Dnrridl (.^). 

Tompkins and Tucker (10) showed that an isolate of Phytophihora 
rapnin from a honeyih'W’ melon I'aused wilting of voun^ jiepper plants 
in the ^ri'ei'iihouse within 10 da vs after its introduction into the soil, 
and after 20 days all were badly wdlted and d\ injr. 

(lodoy (J) in a recent paper mentioned the occurrence of dam|>in^> 
c»ff of pepjier 'eedlin^s in Argentina. 

FACTORS FAVORING INFECTION 

1V|)p(T and pumpkin plants mpiire abundant soil imnsture, ^ood 
drainage, and relatively hifrh air t(»mperaturi*s for optimum growth, 
liy the same token, these are the ]>rinci]>al environmental factors 
which favor inception and spread of the root rot disease in the truck 
sections near Merced. In most casi's, these crops are jyrown along 
river bottoms and in low aivas which, although i*ich in fertility, lack 
adi'quate drainage. With frequent, heavy, surface irrigation, ni'ces- 
sitated by the growth re(|uirenients of the plants, the soil quickly 
becomes excessively wet ami often waterlogged. 

It has bc'en observed that when plants are grown on higher, wi'll- 
drained gi*ound ami supplied with only enough moisture to satisfy 
giYiwth re(|uirements, then the incidence of dis(*ase is gi*eatly reduced. 

SYMPTOMS OF THE DISEASE 

Field observations and gi*eenhouse tests under controlled (‘onditions 
indicated that infection of ]>ep}ier and pumpkin plans by Phytoph¬ 
ihora rapnlri results in symptoms common to both. Although a few 
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plants die early in the season when temperatures are naturally lower, 
a Iiii^h incidenee of disease is uneoiniiion until the advent of hijjjh tem¬ 
peratures at inidseason, at which time many ])lants have reached the 
fruiting sta^je. Infection continues on a hi^h levelMurin^ tlie rest of 
season. The disease a})])ear.s very suddenly, and infected plants 
usually (lie j)roiiiptly. 

Above ground, the chief diapiostic symptoms of the disease con¬ 
sist of a itipicl, permanent wiltinia: nf tlie leaves, without noticeable 
change in color; a blackish-brown discoloration of the lower part of 
the stem, adjacent to the soil level; and collapse of the stem, fol¬ 
lowed by lodpin^ of the plant on the ^rround. 

Tender ^naind. the invaded roots and stems sh(A\ a soft, water- 
soaked, blackish-brown, odorl(\ss tyi)e of decay which ultimately in¬ 
volves all tissues. Diseasial idants are easily ])ulled from the soil, 
but invariablv the cortex of the ta]>root and lateral roots sloughs off 
and remains tiehind. 

THE CAUSAL FUNGUS, PHYTOPHTHORA CAPSICl 

ISOLATION 

Till* causal fungus, Phjitophthoi\i rapaivK was readily isolated 
from the roots and hasal part of the stems of recently infected pepj)er 
and |)um])kin ])laiits by removing aseptically small tissue fragments 
from the internal, advancing margin of decay, planting on either 
prune or mah-(>xtra(*t apir (6'), and incuhatin^ at room temjjerature. 
Also, small sections (d tine lateral roots, after thorough washing, were 
planted directly on af?ar. After 4H hours. j)ure cultures of the funpus 
were (Established (»n apn* slants by transferrinji: hy])hal tips from the 
(‘dp‘ (»f the Petri-dish colonies. The funpis was cultured at inter¬ 
vals from several lots of naturally infected s])(*cimens, involving 
about KM) ))epp(Er and 50 ]Mimpkin plants. Pure cultures of /^ rap- 
sir} were constantly (»blained from tissue plantinp, and tlmre was no 
indicat ion of the piv.seiice of oth(*r sp(Eci(»s. 

IDENTITY AND TEMPERA^riTRE RELATIONS 

('(»m]>arative studies were made on three isolates from Yellow 
('rookneck pum|)kin, one from SiimnuT pumpkin, and two from bell 
pej>per (var. Ihu'banera no. 1). All isoiat(‘s wei*e secured frian the 
roots and lower ])ortions of stems of diseased plants in the Merced 
area. The isolates exhibited the usual slight variations in type and 
rapidity of p*owth in agar plat(*s, in temmncy to develop sj)orangia 
and oojronia, and in size of ivproductive organs. The isolat(‘s.froin 
pum])k]n could not be distinguished from those from pe|)])er. 

The sporangia were papilkte, limoniforiu to irregular or elongate, 
with a mean size of 41 by 5M) microns when j)rodu(*ed in oainuEal-agar 
cultuivs. In li(pii(l cultures the .sporangia were somewhat larg(*r and 
produ(*e(l zoospores moiv fm|uentlv than when devel()|)(‘d on agar 
media. Clilamydospores were not okserved, but in (Higoniuin-prodim- 
ing cultuivs oc(*asionai unfei1iliz(*d oopmia gei'ininated by germ 
tubes ill the manner chai*actei*istic of chhiiiiydosjxires. 

Oogonia and oosjxuvs were fonned in large numbers by one iso¬ 
late, while two failed to dev(»lop them even after 1] months' incubation 
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at 15° C. The remaining three isolates developed a few oogonia and 
(K)bpoi'es in old cultures. The antheridia were of the pennaiient, 
anndiigynous type, enciixding the stalk of the <K>gonium. 

The temperature-growth relations of the isolates wei*e observed 
after 96 hours’ growth on Difeo corn-meal agar plates (pH 6.1). 
All grew well at tempera! iii-es ranging from 15° to 35° C. The opti¬ 
mum temperature appeai'ed to lie between 25° and 30°, two isolati's 
showing slightly greater gi*owth at the foimer and four at the latter 
temr)erature. Minor ditferences were observed in growth rates, and 
in the appearance of the mycelial weft, which varied from regularly 
radiate growth to a matted, slightly irregular tyi)e. Some isolates 
exhiliited both tyjies of growth when incubated at ditferent 
temperatures. 

The isolates from ])umpkin and pepper corresjionded very well 
in all characters with isolates of Phytophthora capniri from pepper 
studied under comparable conditions by Tucker with isolates 

from honeydew melons reported by Tompkins and Tucker (JO)^ and 
with isolates from Winter Queen watermelons studied by Wiant 
and Tucker (/J). 

PATHOGENlCnr TESTS 

Pure cultui*es of Phytophthora capHiei^ isolaU^d from the roots of 
naturally infected Barbanera No. 1 pepper and Early White Bush 
Scallop,*Zucchini, and Yellow Ci*ookneck pumpkin plants, were used 
in the infection experiments. Inoculum was jirepared by growing 
the pepper and pumpkin isolates of the fungus on sterilized, moist¬ 
ened cracked wheat. Tt was added in uniform cpiantity to auto- 
chtved soil in 6-inch pots, each containing a young plant, in a 
manner designed to avoid wounding the roots. Sterilizecl wheat was 
used for the noninocuinted controls. The plants, grown in a g?-een- 
house at temperatures ranging from 28° to 32° C., were wateivd 
heavily each day to provide favorable conditions for infection. 

On Peppfu 

The pathogenicity of three pepper isolates was jiroved on the 
variety Barbanera No. 1, because this pepper is grown extensively in 
the Mierced section. On July 18, 1934, 25 pejiper plants were inocu- 
laled with each isolate. By August 1, all plants were infected, the 
incubation period ranging from 6 to 14 days. Symptoms shown by 
diseased plants were identical with those resulting from natural in¬ 
fection (ng. I, A). Typical wilting of the leaves, destruction of the 
root system, and browning of the basal part of the stem with lodging 
of the plant occurred. When diseased plants were pulled from the 
soil, the soft, watery, blackish-brown coHical tissues sloughed off 
from the central cylinder of the taproot (fig. 2, .d). Most of the 
lateral roots wer-e completely rotted, in marked contrast to the healthy 
condition (fig. 2, B), The 15 noninoculated controls continued 
healthy (fig. 1, B), All infected roots yielded the fungus when 
plated. 

(Jn August 17, a total of 60 i>epper plants of the same variety were 
inoculated with the reisolates. All plants weminfected by August 27,4i 
the incubation period ranging from 5 to 10 days. The 10 noninocu¬ 
lated controls reriiained healthy. 
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Dani})ing>off (»f Barbanera No. 1 peppor seedlings occurred when 
Heeds were plantcMl in previously inlested soil or in autoclaved soil 
to which the fungus isolates wen* later added. 

On Pumpkin 

The pathogenicity of the pumpkin isolates was proved on the varie¬ 
ties Early White Bush Scallop, Zucchini, and Yellow (h*ookneck, the 
seeds of which had been obtained from a giovver in the Merced 
section. On August 10,1934, 25 pumpkin plants of each variety were 
in(K*ulated with each isolate. By August 31, all plants were infected, 
the incubation period ranging from 12 to 21 days. The symptoms 
shown by diseaseil plants were identical with thos(‘ resulting from nat¬ 
ural infection and followed quite closely the setiuence descrilied for 
artificially infected peiiper plants. The fungus was reisolated from 
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of the popper vaiiotj naiiuiiioia No. 1 after 8 da.\s, sliowiri^ rapid wiltinir and 
collapse of tlie plaid ; H, liealtliy control 

all infected plants. The fi\e noniiuK’ulated controls of each \ariety 
remained healthy. 

On Se])teniber 15, 20 pumpkin plants of each of the four varieties 
were inoculated with tJie reisolates, and all plants became diseaK'd 
by September 25. The incubation Tau’iod rsinged from 5 to 10 days. 
The noninoculated controls remained healthy. 

Similarly, damping-off of IJarlv White Bush Scalloi), Zucchini, and 
Yellow CVookneck i)umpkin s(*eillings occurred, as mentioned above 
for pepper. 

Ckoss Inckuiaiions 

In inoculations, three isolates ol Phyfophthora 

from pepper proved pathogenic to Early White Bush Seal Ion, Zuc- 
cdiini, and Yellow Crookiieck plants in the greenhouse, and, likewise, 
two isolates each fi'oin Early White Busli Scallop, Zucchini, and 
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Yellow Crookneck jMimpkiii raiiHMl infection of pepper planth (li^r. 3), 
with iiKMibatioii periods closely cori-espondin^ to tho.se just mentioned. 
It may be assiimed, therefore, that the.se isolates, bused upon tlieir 
infective capacity, are very similar, if not identituil. 

These isolates were als^i tested bv inoculating healthy Zucchini 
jmmpkin ami iiepper fruits in the laboratory, nsin^r the technique 
descril)ed elsewhere (W). All iMilates induced a seveiv type of fniit 
rot. 

SUSCEPTIBILITY OF PEPPER AND PUMPKIN VARIETIES TO 

INFECTION 


Numerous njmmercial varieties of pepiau* and jmmpkin were tested 
for suscei)tibility to infection with their respective isolates of Pht/^ 
tophthovff rapifivi. No fewer than plants of each variety were 
inoculated according 


to the procedure pre¬ 
viously de.scribed, in¬ 
volving in the aj»are- 
^ate about pep¬ 

per and *1(N) ]iumpkin 
plants. All \arieties 
jiroved to be highly 
susceptible, with no 
survival of individuals 
in any [larticular va¬ 
riety. 'Phe incubation 
period for pepper \u- 
rieties ranged from 
about T) to days; 
for ])umpkin varieties, 
from 4 to days. 
When considered col¬ 
lect ively, the minimum 
incubation |)erio<l for 



|K*pper varietie.s wa.s s 
days and the maxi¬ 
mum '2S) days; for 
pumpkin ])Iant.s, the 
minimum was s days 
ami the maximum 
days 


Fua Ki. a. l*h.\t<»plitlieni looi rot of ]M>pi»er jiihI 
piiiiipkiii. Artitlcial infection of .\nnn;; ItepiMM* 
plniif, after lU <la>s. witti an isolate r»f Phfpopli- 
thorn vnpHivi from Znccliini pumpkin, siiowiim a 
hlat'kisli bnmii iliscoioratioii of tlie liasal part of 
the taproot and some lateral roots. 


In the wdnter of seeds which had Imhmi collected at Merccvl 


from apparently ivsistant Harbanera No. 1 pepjier plants w’ere 
planted in auto<*laved soil in the ^l•eenhou.se. The propmy provetl 
Jii^hly susceptible upon incxailation. 

The follow'in^ varieties of pepjier wen* test(*d in the greenhouse: 
Anaheim, As^row Kiii^, Bell or Bull Nose Hot, Bell or Bull Nose 
Sw’eet, Birdseye or Coral (leiii. Black of Mexico, Bountiful 

No. 7, Bulgarian, (California Wonder, (Cayenne, (Cayenne Large Thick, 
(Cayenne Long S^irrow', CeW-stial, (cherry, (chinest* (iiant, Colos.sal, 
Crimson (iiant, Dw’arf (chili Red Cluster, Karly (iiant. Early Moun¬ 
tain, Elephant Trunk, Floral (Jein, (riant of (china (rolden Y'^ellow, 
Giant of (China Red, Gloria, Golden Dawn, Golden Queen, Green 
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Mexican Picklin^j, Green Pointed Sharp, Harris Earliest, Harris 
Early Giant, Heitfer Horn, Hercules, Hungaiian Hot or Banana, 
Hungarian Yellow Wax, Kalei(1osco|)e, Kalinko, King of the North, 
Large Bell or Bull Nose, Large Early Neapolitan, Large Long Red 
Cayenne, Large Mexican Chili, Long Hot or Finger, Long Podded, 
Long Red Cayenne, Mexican Chili, Mile High Sweet Giant, Mon¬ 
strous, Narrow Podded Neapolitan, Neapolitan Giant, New Victory, 
Nikko Togarashi, Nocera Golden Yellow, Nocera Large Red, 
Nordico, CMiio Crimson (jiant, Oshkosh, Pimiento, Prince of Wales, 
Prize!aker, Procopp’s Giant Reel, Proteus, Red Cherry, Red Chili, 
Red Cluster, Red Hercules, Rosse, Royal King, Ruby (jiaiit, Ruby 
King, Ruby King Special, Spanish Bull, Siianish Gem, Square Yel¬ 
low Big of Naples, Squash or Tomato ITot, Squash or Tomato 
Shaped, Squash or Tomato Sweet, Sudanese Chili, Sunnybrook, 
Suiinybrook Sweet Cheese, Sweet Meat Glory, Sweet Mountain or 
Mammoth, Sweet Salad Tomato, Sweet Spanish, Tabasco, Taka-No- 
Tsuine, Tomato or Squash, Tomato Shaped Red Scpiash, Tom 
Thumb Round Scarlet, Verde, Verticils, White Stump Sweet, Wind¬ 
sor A, B, C, D, E, and G (selections from the Connecticut Agi’icul- 
tural Experiment Station), World Beater, Yatsn-Fusa, Yellow 
Hercules, and Yellow Oshkosli. 

The following varieties of pumpkin were tested in the greenhous(‘: 
Early Green Bush Scalloj), Early White Bush Scallop, Early Yel¬ 
low liusli Scallop, Giant Summer Crookneck, Italian Marrow’’ ('‘oco- 
zelle, Italian Marrow Zucchini, Mammoth Summer (^rookneck. Table 
Queen, and Yellow Summer Crookneck. 

EXPERIMENTAL HOST RANGE 

Young plants of squash (iUmnhifn maxima Duchesne), egg])lant 
{Solanmn mclongena L. var. CHcaUnfam Nees), tomato {Lgtoptrfsi- 
emu CHCvlenfum Mill. var. vuUfare Bailey), and Turkish tobacco 
(Nicotiana tabacvmJd.) w’ere tested in the giWnhouse for suscei)tibility 
to infection with the pej^per and pumpkin isolates of Phytophthora 
capnici^ using the inoculation technique previously described. A suit¬ 
able number of noninoculated controls was reserved for each variety 
tested, and during the experiments they continued healthy. Reisd- 
lations w^ere imule from all diseased siiecimens, and the reisolaled 
fungus from a particular host was then tested by inoculation into 
healthy specimens of that host. 

The following >arieties of squash proved highly susce|)tible: 
Banana, Blue Hubbard, Boston Marrow, Delicious, Delicious Golden, 
Golden Hubbard, llubbard, and Wartecl Hubbard. 

Of the five varieties of eggplant used, only two were shown to be 
susceptible, i. e.. Black Beauty and Large New York Purple. No 
infection was obtained on Colossal, Florida High Bush, and Im¬ 
proved Large Purple. 

Only one variety of tomato (Early Santa Clara Canner) was 
tested, and it proved highly susceptible. 

None of the isolates caused infection of Turkish tobacco jilants. 

Tubers of potato {Solanum tuheromm L.) var. Russet Burbank 
were inoculated with pure cultures of the five ftolates in the labora¬ 
tory, but they remained healthy. 
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SUMMARY 

A root rot of jiepptT and pumpkin plants, caused by Phyfopkthora 
c<spft'ici Leonian, is prevalent in the San Joaquin Valley, near Merced, 
Calif. 

Excessive moisture, inadequate soil drainage, and high air teiiipcu'a- 
lures definitely favor the inception and sju'ead of the disease. 

The root system and the basal part of the stems of pepper and 
pumpkin plants show a soft, wet dec^ay. Permanent wilting of the 
leaves occurs very suddenly, with ultimate collapse of the stem and 
lodging and death of the jilants. 

The isolates of the fungus from i)epper and pumpkin are described. 

Infection was obtained in the greenhouse W adding the fungus 
to the wet, autoclaved soil of potted plants. The incubation period 
ranged from (i to 14 days for pejiper and from 12 to 21 days for 
pumpkin plants. 

Successful cross inoculations were made with pepper isolates to 
pumpkin, and vice versa. All isolates caused damping-off of pepper 
and pumpkin seedlings in the greeuhoiist* and rotting of pepper and 
pumpkin fruits in the laboratory. 

The pepper and pumpkin isolates of Phyto'phfhora vapstd were 
also pathogenic to squash, eggplant, and tomato plants. 

No resistance to the disease^ w'as found in any of the varieties of 
pepjier and ])umpkin tested under greenhouse conditions. 
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THE CHEMICAL COMPOSITION AND APPARENT DIGESTI¬ 
BILITY OF NUTRIENTS IN SMOOTH BROMEGRASS 
HARVESTED IN THREE STAGES OF MATURITY * 

H\ .Ikrry ScvroLv 

AHHocmte fttofvHHot anti nHHocwtc annual husbandman, Waslunqton Agncultuinl 

Expvnmvnt Station 

INTRODUCTION 

Sni(>()tl> bminogniss (Hromux inirm'ix L«>ysrt.), a very leafy, sod- 
forining, long-lived perennial, ranks high among tlie eultivat<*<i 
graastni in ])alatahility and yielding (|ualities. It requires more 
moisture for growth than crested wheatgrass iAgro/njrnit erlxtatum 
(L.) Beaiiv.) and should not he considered a competitor of this grass 
in the drier areas. Because of its importance in pure stands and in 
mixtures >\ith alfalfa and other le^inies and gimses, both as a pasture 
and a hav ei-op, it s(>eined advisable to undertake* a studv of tin* 
cln*mical life* history and the digestibility of the nutrie*nta at various 
stage's eif maturity of this grass when gmwii under the* soil and e*rmiatie* 
e'onditions of the Paletuse* aiva of eastern Weishinglem. 

RKVIEW OF LITERATURE 

Smooth bronu'grass has p(>rsiste*d for 2t) ye*iU‘s in a heirse pnel(loe*k 
at the lllineiis Agri(*ultural Expe*rime*nt Statiem (/).-' At the same 
statiem (li, H) 47()-poun(l calve*acon8ume*el 30 {MUtnds of given grass i*on- 
taining 2S.3 perce'iit of diy niatte*r anel S.)t)-pe>und ste*i*rs e*onsume‘d 
32.7 ])e>unds of the* same grass daily. Smooth brom(*grass in thi'se* 
stuelie*s e*ontaine*d 1,023 culorie*s eif dige>stible* ene*rgy pi*r pound of dry 
matter, and with a ()S.29-pe'rce>nt availabililv, the net i*ne*rgy value 
was t599 e*alorie‘s. Fie>ld ivcords at the Illinois Station (/) show 
smooth bnune'grass to e*x<*e*l timothy, on*hard grass, bliu'grass, and 
re*e*el canaiy grass in e*arrying capacity for ye*arling lle'reforel he*ifers. 
The* gains [irexluce'd eluring the first month of grazing we're* gre*ate'r 
than those* made eluring the* remaimh'r e»f the* grazing se'asem. 

Uneh'r we*ste*rn elry-lanel e'onelitionssmeHUh brome'grass pasture* eleie's 
neit proelue*e* the* gains eibtained fnim e*re*ste'el wlu'atgrass jiastiire. 
Orcutt (7) at the Ale)e*e*asin substation in Memtana re*e*orele*el gains of 
t)l penmds pe*r acre* on e*re*ste*el whe'atgrass pasture and 41.3 pounds 
e»n snieioth breirae'grass pasture* w*he*n ste‘e*i's wore graze*el in 23.6-ae*re* 
plots at the rate* of four tei e*ight 8te*e*i*s pe*r plot. Whem the* value* of 
eilel native* grass pasture* was ratoel as lOt) pe*re*ent, se*e‘elings of smeHith 
brome'grass and cre*ste‘el whe*atgrass hael value's eif 112 anel 177'pi‘i’e*e*nt, 
re*8pe*ctive*ly. 

• fdt piiblimhon Miir('h.<, l«*l Published us Spioiitiflc Nd iHb, ( olloueor \KrK‘iiltu;t 

and Aflfrioiiltiirfil KxjM*rinicnt St At ion. State ('olleReof Washmuton 

^ Itulie niiiiitM*rs in pBn»ntIip«»s refer to Ijterutun* Cited, p 431 
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SLeppord (9) at the North Dakota Experiment Station reported 
daily gains of 1.86 pounds per head when steers were grazed on 
second-year swectelover as compared with gains of 1.54 pounds on 
smooth bromegrass pasture. 

Studies by Hopper and Nesbitt (5) of the more mature stages of 
smooth bromegrass showed a protein content of 8.80 percent at 
blossoming time and a crude fiber content of 29.96 percent. Before 
heading it contained 15.14 percent protein and 23.56 i)ercent crudi* 
fiber. Ijodd (4) reported that smootli bromegrass bay contained 
6.56 percent ash, 6.22 percent fat, 28.11 percent crude fiber, 13.60 
percent protein, and 45.51 percent nitrogen-fn^e extract. This hay 
was tMrice as rich in eriuh* protein as timothy hay. 

Nelson and Shepherd (6’) obstuwed that seeding a legume with 
smooth bromegrass prevents a “sod-bound” condition, and Kather 
and coworkers (8) observed that smooth bromegrass in mixtures with 
legumes speeds up the rate of curing of hay, and reduces danger of 
bloat when the mixtures are pastured. 

Waldron and Porter (t£) noted that at the North Dakota Station 
smooth bromegrass stays succulent longer than other grosses \»nth 
the advent of warm weather. 

PLAN OF THE INVESTIGATION 

Samples of the grass were collected at app«)\imat(*ly 2-week 
intervals and changes in clu'mical composition studied throughout 
the entire growing season. Samples of gross cut at a height of 4, 
10, and 36 inchro were fed to sheep in digestion stalls for thi' i)urpose 
of studying ehanges in the digestibility of the nutrients as the grass 
matured. The 3C-inch growth coincid(*d with the anther-falling stage, 
which ordinarily is that r(‘coinm(>nded as id(‘al in hay production. 

Ti'ii-day preliminary periods followed by 10-day ('xpiTimiuital 
periods were einployeil in feeding each sample of forage. The equip¬ 
ment and detailed technique have been fully discussed elsewhen* (JO). 
The lambs W'erc out of Ijincolii X Merino ewes and sirc'd by Hainpsliire 
rams. 

DEVELOPMENT OF SMOOTH BROMEGRASS PLANTS 

The rate of growth at various stagro in the development of smooth 
bromegrass plants is showm in table 1. A moisture content of 72.38 
percent at a height of 4.5 inches was reduced to 40.98 percent at tlu* 
time the seeds W'ere fully mature and the plants were 36 inches tall. 
Tho data on the composition of the dry matt(‘r in the foragi* samphs 
is also summarized in table 1. The protein content of the early- 
spring samples was 13.61 percent, but this declined to 4.02 percent 
in the forage samples token at the seed stage. As the protein con¬ 
tent decreast'd the percentage of erode fiber inereasi'd from 19.77 to 
35.92. The percentage of calcium declined during the season from 
0.37 to 0.24 and the percentage of phosphorus declined from 0.32 
to 0.13. Table 1 shows that the grass was (|uite nutritious up to tlu* 
water stage of seed formation. There was no effective rainfall during 
the g^wing season of 1939; it was drier than any similar period in 
46 years. , *• 
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VigestibHity of Nutrients in Smooth Bromegrass 


Table 1. —Moisture content and chemical composition of smooth bromegrass clip¬ 
pings as related to height of plants and stage of maturity at approximately ^-vxek 
intervals during the growing season of 1989 
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21 
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54 40 

1 m 
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31 

18 

Aiik 15 

10 0 

Seeds fully mature 

40 UK 

4 02 

35 92 

52 00 

1 59 
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EXPERIMENTAL RESULTS 

T1h‘ clinnical composition of the i^russ clippinpi is shown in table 2 
A coin])lei<‘ siiiuniaiy of the number of lambs used, theii wiughts, 
their dry mailer intake, as well as coefficients of apparent digf(‘stibility 
for each nutrient as determined with individual lambs is presented 
in table 3. 

Only thr(»e lambs were fed the 4-inch fjrass because of the lai^(‘ 
area re(|uir(»d to supply foraj'c at this stage. The' diy-inatter intake 
of lambs fed grass at ui(‘ 4- and lO-inch stages is fairly comparable. 
At tb(‘ mature stagi* tli(» lambs consuined much h»ss dry matter. 
With roughage rations {10) this inecjuality of diy-malter intake is 
not a disturbing factor in comparisons of coellicients of digestibility. 

Tlie average* coefficients of apparent dig(*stibility of the various 
nutrients are very n(*arly the same for the samples taken at the 4- 
and lO-inch stages. In this experiment smooth bromegrass up to 
the lO-inch stage retained its highly digestible character. A 
markc'd decrease* in digestibility was noteul at the hay stage. The 
grass 4 inches tall had a coeffici(*nt of 82 for its crude protein wmile 
at a 3()-incli height the coefficient was 53. Crude fiber of the 4-ineh 
grass w’as 85 pe'ivent digestible and at the 3fi-inch stage of growth 
only 5fi percent digestible. A similar decline has bc*en noted for uie 
other nutrients. 

T\blk< 2. Chemical composition of smooth hiormgrass at different stages of 
maturityn fed to lambs during digistion expcrirrn nts 
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> Anthcr-ralliDK stiii;e 

Table 3 also contains figures showing the peif(‘ut of digestible 
cnide protein content and the toUd digestible nutrient content of 
the fresh forage samples studied. By delaying grazing until the 
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lO-uich starts tbr luiiiitno quahtu‘s do not iitidoigo miuh dochno, 
while the (allying capac'itv of a gi\i‘ii ami is gr(*atlv irKi(*a<((‘d through 
growth 


1 \B 1 L 3 Xppamii digtgliMity of tlu nuUuuts in smonth bnmftpn^s joragt 
dipped at vauoiis ^tagis of rnaiuntif andffd to lanibs 
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111 table 4 the digistibh mitiieiit (onteiit of tin di\ inattei ol 
smooth hioinegiass at thiei* stages is (ontiasted with uhnitual stages 
of (lested wh(*atgiass as lepoited ui a pie\ious publKation (Jl) A 
stiidj of this table shows that the peuentages of digestible niitii(>nts 
in tlie dij inatlei of smooth bioinegiuss at the 4- and lO-inch btugc's 
aie as high as m the common (oiicentiatis, like (oin and bail(‘> 
Fuitheimoie, bmootli biomi'giass retains its high luitiitne qualities 
to a moie achaiKed stage of matiiiity than does (tested wlu'atgiass, 
and at (ompaiable stage's it is a iidiei soiiice of digistible eiude 
piotein and total digi'stible mitiients Tabl(> 4 shows eonvindiigli 
the supeiioi nuliitive qualities of smooth biomegiass ovei (lested 
wheatgiabs when these two ginss(>s are piodiieed iindei the soil and 
(limatie conditions of the Palouse aiea of eastern Waslungton How- 
evei, each is pediliarly lulapted to its own (>nviionmenl, smooth 
hiouK'giasb to the moie moist aieaa and (K'sied wlientgiass to the 
drici aieas Crested wheatgrass has been highly piais(>d in aieas 
where ^smooth biom(>giass cannot be gtown siucessfnllv 
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T\hlk 4 .— Digistible nulnenin in the thy matiei of smooth brome^grass and of 
crestrd wheatgra^s ham Hied at ihitt stages of mat nitty 


Grass and hciKtit when clippis] (uiclics) 
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SUMMARY AND CONCLUSIONS 

TIh» ))r(»toin rontoni of Iho di*> iiititfor of smooth t)roiuo^rass 
(*lippii)^H, takoi) ut n^pilar intervals throufrliout the p:rowin^ season, 
tleen^asecl profjressively from KLtil pereent to 4.02 peret'iit. CVude 
fiber inereast'd from 19.77 peret^nt to 35.92 ]>ere(‘nl and plant htM^lit 
from 4.5 to 30 inelu^s. The ealeiiiin eonttmt doelined from 0.37 to 
0.24 pereent ami ])hosphoriis from 0.32 to 0.13 i)ereent during the 
same inter\'al. 

By delaying the grazing of smooth hroim^grass until it is 10 inehes 
toll, the n\itriti\e (pialities do not di'eline and the earrying eapaeity 
appears to he greatly inereased. Bromegrass up to a Insight of 10 
inehes r<»tains its highly digestible eharaeter. The dry matter was 
SI pereent digestible at the 4- and 10-ineh stages and only 55.S per¬ 
eent digestible at the 3()-ineh stage, (^nide protein, erode fiber, and 
nitrogen-free extraet followed similar trends. Smooth bromegrass 
ndains its high nutritive (pialities to a more advaiHTd stage of ma¬ 
turity than do(»s erested wheatgrass and at identi(*al stagers of growth 
is superior to it in digestible erode protein and total digestible nutrients. 
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INHERITANCE OP SEED CHARACTERS IN WATER- 

MELON ^ 
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Ditnsion of Fruit ami Vegetable Crops and Ihsenses y Bureau of Plant Industry y 
thuted States Dejiartmcnt of Agriculture, and D. R. Porter, formerly associate 
professor of truck crops and associate olericultunst. University of California 


INTRODUCTION 

Although seed eharaeters have nothing to do with the flavor ami 
texture of flesh of the watermelon {CitruUuH vulgaris Schrad.) they 
are of eonsid(*rahlo importanee in detcTinining its appearance. The 
belief is widespread that black seeds denote complete maturity and 
high sugar content; yet many important commercial varieties have 
white, bn)wn, tan, or speckled seeds. Despite the availability of 
several diff('rent seed sizes, there seems to be a defluite prefeience for 
large seeds. 

Relatively little information is available conceniing inheritance in 
the watermelon; however, intensive breeding operations are under 
way in many States, an<l the need for genetic data has become* in¬ 
creasingly urgent. Genetic information, in iwldition to its botanical 
value*, IS e*ssential for the most rapid biwdifig pj'e)gre'ss. The investi¬ 
gations herein reporteel are confin(*el‘te> stuelie*s e)n the inlie*ritanre of 
see'd length anel seeel-coat e‘e>le>r. 


REVIEW OF LITERATURE 


Ne) pi]blishe*el re'ferc'iice* to ge*netical analysis e>f see*el-length factors 
has be*en fouiul. We*etman {9)^ approximated such studies in pemula- 
tions ele*rived fremi a cre)ss bet>^e»en races wlu»re*in wedght sample*s of 
25 seeds we*re light (1.22±().()1 gni.) and heavy (2.60±().05 gm.). 
In the* F 2 ami backci’usse*s to both pare*nts the lighter we*ight parent 
apj)roache'd mone)genic eie)minance* over the heavit'r, but chi-sejuare* 
analysis failed to establish an ac(*e*ptable lit betwfM*ii his obseived and 
(*aleMdate*el ratie>s. 

Kanda (S) cross(*d flat black with stipple*d black anel deme)nstrate»d a- 
far as Fj that flat is elominanl to stippled by a single*-fae*te)r eliffe'ivne-e 
A se'coml emss, which also included flat vs. stippled as we*ll as several 
e)ther characte*ra and for which he postulateel four paii*s e)f ^m*s, wa*^ 
carrieel to an Fj peipulation of 128 plants. A chi-square analysis of his 
data shows a significant deviation from this hypothe*sia, as will be dis- 
cussenl in an appi-eipriate sevtion. McKay (4) investigated two ctx)sse*s, 
tan X red anel gre*e»n X re'd, the feirmer phenotype in e*ae*h cross bt»ii)g 
dominant to the latter by a single*-gene eiiffeTcnce. Porte'r (S) deinon- 
strateel a single-gene difference of black dominant ove'r tan amj tan 
dominant over white, with the bae’kcross of black X tan to tan giving 
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1 black to 1 tan. Wectman (9) investigated tlircc crosses involving 
the phenotypes which in our study are called black X clump aud tan 
X clump. In the first case black was dominant to tail by one gene, 
but in the second case the Fi phenotype was bl^k and the Fj segre¬ 
gated into 9 black to 3 tan to 3 dump to 1 white-tan-tip (according 
to the nomenclature adopted in the prreent study). In the last case 
Weetman demonstrated that F] X tan gives 1 black to 1 tan, and 
Fj X clump gives 1 black to 1 clump. 

MATERIALS AND METHODS 

Inbred parent stocks used for the crosses were renilered as homozy¬ 
gous as possible before hybridization, but since some uibred lines 'were 
selected for specific characters (sugar content, etc.) occasional Fj 
populations analyzed for seed characters disclosed a few lines (Sun 
Moon and Stars and Peerless) that were still heterozygous for seed- 
color ^enes. Among the different stocks and varieties of Citrullus 
putgarin, seed length ranges from 5.6 to 15.5 mm. and seed-coat colors 
range from an almost pure white tlirough red, green, tan, mahogany, 
and black, with various patterns superimposed. Seed length aiid 
seed-coat colors for varieties used ui this study are indicated in table 1. 
The Sun Moon imd Stars variety is represented by one strain in whieh 
seeil pigment is clumped and another in which it is i^hite-tan-tip- 
colored; Peerless has one strain with white-taii-tip seeds and another 
with wnite-pink-tip seeds. The Striped Klondike variety also showed 
unstable colors, but the strain used as parent in the studies herein 
reported showed only clump, a phenotype vaiying in segregating 
populations from a laige centrol oyespot to nearly luicolored setnls 
except for black spots on the hilum prominences. 

Figures 1 and 2 are photographs of the seed types segregating in two 
Fj populations. Both illustrate the three seed-length phenotypes 
short, medium, and long—and between them are shown the six color 
phenotypes used in parents or which segregated from crosses. Figure 
1 shows flat black, stippled or dotted black, tan, clump, and wliite- 
tan-tip; figure 2 shows tan, re<l, white-tan-tip, and white-pink-tip. 


Table 1.— Varieties of watermelon and phenotypes used %n studyir^g inhintance 
of seed-coat color and seed length 


S't d-coat color 


Black 

Tan 

Cluuip 


"W hitf-tan-tip. 


M hitc-pink-tip 


Distribution of Naruiuts ha\ini: indicated approximate rangi iii sted kniith 


Short, 4 1 7 1 uim 


Babv Delight 


Mtdium, 7 5-115 mm 

Klondike 
Wmter Queen 

StriiKHi Klondike 


I^ufr, J1 5 10 5 mill 


|Hope Giant 

Thurmond Gre\ 
(Golden none\ 

• Sun Moon and Stars 
iNorthem R\tcet 
Chilean 
Gand\ 

Sun Mfxin and Stars 
Pierliss 

Pride of Muscatine 
Pt erless 


Phenotypes of watonnelou seed-coat color nut sometimes difficult • 
to classify because of variable degrees of expression. The ordinary 
fluctuation may be accentuated by other factors, such as stage of 








Figure 1. —Seed phenotypes segregatiiiK in an F 2 population: A, Clump long; B, 
tan short; C, flat black long; D, flat black medium; flat black short; 
stippled or dotted black medium; G, dott-ed black long; //, tan medium; /, tan 
short; J, clump short; /C, clump medium; Ir, white-tan-tip long. For pheno- 
t^'pic ratio, see figure 13. 


Seed samples were collected from each fruit and were stored in 
envelopes with cellophane windows (fig. 3). The measurements of 
3 or 10 seeds, depending on the uniformity of the sample, were then 
recorded on the outside of the envelope. The measurements were 
made with a vernier caliper to tenths of a millimeter, and the genetic 
analysis was based on the nature of the frequency distribution 
obtained. The envelopes of ah entire population may be spread 
on the floor or on a large table, as in figure 4, to present a simul¬ 
taneous view of the seed-coat color and length and to facilitate the 
necessary color matching. 
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All Meiidelian ratios were tested for goodness of fit by ortliog- 
onalized elii-sqiiare formulas developed by Fisher {1) and applied 
extensively by Mather (^). This sensitive treatment of the standard 
method disassembles clii-square values into the component values 
contributed by each degree of freedom present. 




Mf 

Mi 

B 


**( 

**• ••• 

^ D r 


lii tft ftt 

••• 

Cr IF 


Iff 

••I 



FiGXJiiE 2 . —Seed pheiii)t> |h»s HCKregatiiig in an F 2 population: yl, W liite-pink-tip 
long; By tan aliort; i\ tan short; 7>, tan medium; K, tan long; F, red short; o, 
red mediinn; //, white-tan-tip long; /, white-pink-ti]) long. For j»henotyj)io 
rati<), see figure 12. 

When statistical analysis required grouping for the study of in¬ 
heritance of quantitative characters, such Rouping was based on the 
size of a significant difference. Frequency tables and frequency 
polygons drawn from the writers' data are consequently liighly useful 
in interpreting the Meiidelian phenomena involved. Graphic treat¬ 
ment in frequency polygons made from seed-length data shovrs the 
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FitaTiiE 3. T>pe of oiivelo|)0 ^ith cellophane window n.sod for -toriiiR seed 
.samples to he chisHified for ^eed-coat color. 
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Mendeliaii proportions us sharply diiTerentiatod groupin^^, and little 
difficulty exists in distinguisiihi^ one phenotype from another, except 
occasionally with regard to the separation of medium from long m 
seed-length studies. 

Linkage intensities from F 2 data iivere estimated by ti^o methods of 
Fisher (f), 73 and 7^, better known as the product method and the 
maximum-likelihood method, respectively. The product method 
is the most useful in its (lependability and ease of manipulation if 
solved by Inuner^s solution, which requires the use of tables for the 
linkage values as well as the standard ermrs.^ The maximum-likeli¬ 
hood method is needed if any phenotype hi the obser\ed ratio con- 



Fiuukx 4 “-Eii\elopes of an entire Fj population scRiegatiUK in the ratio of 
27 9 12 4 : 12 soed-coat color idieiiotvpe" 


tains fewer than 10 plants. The formula used for calculating the 
linkage \ alue by maximum likelihood is that supplied by Owen (7), viz, 

' 2n 

INHERITANCE OF SEED LENGTH 

F 2 population of 83 plants fnun the cross Sun Moon and Stars X 
Whiter Queen, wdien analyzed for width and length of seeds, disclosed 
a coefficient of correlation, r - 0.913, between length and width. Since 
length of seed is the more variable character and with respect to si/e 
presents the same khid of hiformation as width, it was adopted for the 
walysis of genetic factors for seed size and for the investigation of the 
interactions with seed-coat color factors. 

This reasoning slioukl be sound in the present study because all 
varieties used as parents had long nairow seeds, but it is recognize<l 
that if any broad-seeded varieties (as found in some citron melon 
types) had been used, then length alone might have been misleadhig. 

Data for seed length were available in crossc^s involving the com¬ 
binations 6 mm. X 13 mm., 6 mm. X 10 mm., and 10 mm. X 13 mm. 
The tliree l engths 6 mm. (short), 10 mm. (mtdiiim), and 13 mm.* 

* Dr. Immor has mnde a\ailahlc for niiniroiriaphod distiibntiou b\ the \ssociation of Southern ArhcuI- 
tural Worketb a le^i<llon or bis tables \iith standaid enois to noplace the piobablt iirois sho^n lu the 
original («) 
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(long) represent approximate mean lengths and about the modal class 
in frequency distributions in segregatmg populations. Figures 1 and 
2 show the three seed lengths segregating in two F 2 populations. Seed 
from a fi*uit of a given pure line of medium Ictigth may exhibit a 
larger or smaller mean length than is indicated. For instance, in 
Klondike, a variety of medium seed length, the seeds have an average 
length of 9.0 mm., yet Fi and Fj populations segregating from crosses 
to races having shorter or longer sc^eds usually show the mode of the 
naedium group at approximately 10 mm., whereas the mode for this 
size group in backcrosses to a shorter or longer parent will bo shifted in 
the clirection of the parent’s seed length. This situation is also found 
for long seed length, where individual inbred lines meu&»iiring 12.8 or 
13 8 mm., when crossed with other seecl lengths, have group modes at 
approximately 13 mm. in the F 2 generations, but less in backcrosses 
to short-length seed. 

Data on obs(‘rved phenotypic ratios from 17 Fj and 19 backcross 
populations analyzed in this study of seed length are summarized in 
tables 2 and 3, and data on the 43 F, populations are summarized in 
table 4 


Table 2 


Sumviaty of F 2 nnd harkcrosh generation data Jrom four typc*i of crossed 
involving Med hnqih 


I*h( not \ |N s 


^ Chiscjiian \h1ui i diu to 
I iiulicatid KOii 


J\|a of cross 



Medium 

I tmi, * 

1 sjiort 

1 otal 




(LS) 

(/M , 

1 (Lnm 

X*/ 



j\umber \ 

1 Awratar 

NumUr 

\umhir 



0) J^ziTHdium X loiiR 

1 425 1 

1 431 


1 75b 

0 171 


(lO 11 X loni. 

1 412 ] 

1 401 


bl4 1 

1 103 


(b) i<i X nKduim 

1 112 1 

1 


142 

0 


<2^ iiudium X sh<irt 

205 


77 

282 1 


0 bHl 

(a) Pi a short 

1 105 


95 

2(N) 


405 

(b) J 1 X iiudiuin 

172 



172 


0 

(Jj I a long X short 

1.0h7 

m 

411 

1,787 

4 bl3* 

3 708 1 

(a) Pi X loiiK 

98 

80 


178 

1 b24 

(b) Pi X short 

' 402 


259 

5f)l 


3 144 , 

(1) Pa long X long 


542 


542 

0 

1 

(i) Fi X long 

1 

252 


252 

0 

1 


I \ sineU asterisk (*) induatcs siKnificdut dcsutiun at the 19 1 k\tl for thi ratio JL 1/ 


T\Bir 3 Analysis of ead-Ungih data from Ft populations ftorn th( cross short 
(ssLL) A long (isSll), stgregating appnmmaiely 0 medium to ? long to i short 




Phi not \ |M s 


Pi iM)|tulution 

M( dium 
W 

Long 

(/a) 

Slum 

Total 


\ umber 

ISumbtr 

\nmbrT 

fi umber 

A 

147 

45 

44 

225 

B 

56 

41 

22 

100 

C 

20 

12 

b 

48 

IJ 

79 

12 

42 

IZ4 

F 

42 

2 

7 


f 

149 

45 

54 

1 

247 

O 

117 

91 1 


i49 

H 

151 

49 1 

1 67 

257 

I 

116 

42 

50 

108 

Total 

Desiatiou 

Heterngineitv 

l,0b7 

309 

411 

1,787 


r hi sqiian \ alut > rliii to Indiratf d Rt m , 
uid torns)K)ndin,{ di i?n«s (d(ni l<»ni 


, IhKTus 
of freedom' 


0 251) 

5 245* 

2 0(>7 
(I 77 r* 

9 8IH‘* 

ojn 
1 ni 
1 7% 

730 

28 749** 

4 613* 

M tl6** i 


, I Dirtihs 

* ' ol freedom 


I_ 


12 814** 

1 

1 4W 

1 

1 719 

1 

ObK 

l 

4 458 

1 

878 

1 

104 

1 

105 

1 

000 

1 

20 194* 

9 

3 708 

1 

16 785* 

8 

") indicate significant 


de\ mtiun at 99 lloxil 
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Table 4. —Summary of ratios obtained in the Fs generation of 43 populations from 
the cross long (lS)Xshort (Ls), PeerlessXBaby Delight 


ParentaKe in F| < 

1 

Segregation ratio in Ft i 

! 

1 Obsersed 
frequenry 

1 _ 

Calculated 

href]uenc> 

x’value 

value for 
19 Ibignifl- 
cance 

Medium {JJSb) 

1 

9 medium to 3 long to 4 

1 

13/20 

11 a/2() 




short. 




Medium (LlSs) 

3 medium to 1 ^hort 

4/20 

5 8/2(i 



Medium (hlSS) 

3 medium to 1 long 

6/2h 

5 8/26 



Medium (LLS^ 

All medium 

3/2ti 

2 9/26 

0 361 

7 815 

Long (HSt) 

3 long to 1 short 

V12 

8/12 1 

1 


Long HISS) 

All long 

7/12 

4/12 

3 375 

3 841 

Short (LLm+Z/w+L/m) 

All short 1 

5/5 

S/.'i 

0 



Total populations 


Table 2 clearly shows that when medium is crossed with either 
long or short tlie F 2 and backcross ratios indicate monohybrid control 
of seed length. The presence of the two pairs of gem's L vs. I (medium 
vs, long) and iS vs. x (nu'dium vs. short) is confirmed by the ratios 
obtained from the cross long X short. The sununanzeit Fj popula¬ 
tions in the latter cross offer the only instance of unsatisfacto^ fit 
bc'tween the observed and calculated projiortions based on the Men- 
delian ratio 9 medium to 3 long to 4 short. However, backcrosst's 
to both parents fulfill expectations. 

The difficulty with the summarized F 2 of long X short is somewhat 
resolved by a study of the nine individual popiuations whii'h comprise 
the summaiy. Table 3 sliows all phenotypic ratios, togi'ther with 
the chi-square values traceable to each degree of freedom: x\ 
separation of S from «, and for separation of L finm /. Exei'pt 
for population A (table 3), idl the populations show expected pro¬ 
portions of 3 S to 1 8. In populations B, D, and E are three exceptions 
to the majority evidence favoring pniportions of 3 7,/to f /. Exam¬ 
ination of the frequency polygons in figures 5, 9, and It) explains 
tlie ilifficulty of classifying minlium (X) and long (/). Figure fl, 
especiaUy, shows the distance separating the group modes in parents 
and F 2 to be greater betw'eeii short and medium than between medium 
and long. Tlie long end of the meilium distribution overlaps the 
medium end of the long distribution, hence the difficutly of precisely 
separating the tw'o pheiiotypi'S. 

An Fa generation fimn th<‘ cross long X short (Peerlm X Baby 
Di'light) comprised 43 populations and covered about 20 acres. Table 
4 displays the seed-length data for the entire Fa generation summarizi'd 
as to Fa parentage, the type of segregation found, and the corre¬ 
spondence between observed and calculated frequencies of parental 
genotypes for all 43 populations. The presence of five Fa populations 
segregating 3 long to 1 short, together with the fact that all five 
sliort-^erived populations bred true, prov(*s that the double-recessive 
phenotype is short, a fact wliich could only be inferred fmm Fa data. 
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FinuiMs 5. -Frpquoiicy ]Mil>g(iiis drawn fr«>m tho hprd-loiigth data for Hahj 
Delight, Hope (liaiit, and tho Fi and F: gonoratioiui of tho cross Hojic Giant 
(long) y Kal)y I)«‘light (short). Noto tho prartical alisence of overlap l>etwo(>n 
short and iiK'diiini as eoin|)arod with the amount present hetHm'n modiiini and 
long. The situation in F] jiarallels that existing l>etw(H'n tho jtarents and Fj. 


In conrlusion, tho following g<*no symbola and tlioir interaction 
oirocts as oncountorod in the foregoing investigation are pixumsed: 

Modniin, 10 nun., IJi, two dominants with eoiiiplomentar) interaction. 

Ismg, 13 min., IS, the differential offect of I produces long. 

Short, 6 mm., lt«, U, the diffenuitial effect of « prislueos short longtli in lioth the 
single- and double-recossixe phonot>|M>s. 


INHERITANCE OF SEED-COAT COLOR 

Investigation of sei'd-eoat color discloses a more (‘Oinple.x situation 
than that of seed size, ns is expiTtisl with a lurg«*r nuinlier of pheno¬ 
types available. Phenotypic ratios fnmi classification of 20 Ki and 
20 hackcniss populalions are shown in tabh'S .I, 0, 7, and S. 

The <lutu of table 5 indicate that probably black is dominant to all 
other colors and patterns studied; the relationship is a single-factor 
dominance when black is crossed w’ith tan or clump, but it is a two- 
factor dominance when black is cros.sed with white-tan-tip. VMu>n 
tan is crossed with white-tan-tip, tan is dominant by a single-factor 
difference; in the cixiss tan X wliite-pink-tip, tan is dominant by two 
factors; but when tan is cmssiHl with clump, black is synthesized in 
F] and there is a dihybrid segri'gation in Fj of 9 black to 3 tan to 3 
clump to 1 w'hit(‘-tan-tip. When chmm is ci*o.s8ed with wliite-tan-tip 
there is a monohybrid S(>gregution in Fo, and whiai a light tiui, as in 
Baby Delight, is crossed with darker tan, as in Thurmond Grey,-ther(‘ 
is the same color range in Fa as in (>ach segregating phenotype desig- 
natiui above as tan. The analysis will bi* simplified us much as pos- 
sibh* by using the following w'orking gene hypothi'sis for the genetic 
interactions, and by adopting the hiitial chai'acterizing the first reces¬ 
sive gene found, ucconiing to the practice followed in investigations 
on Drosophila and Z(‘a mays. 



442 


Journal oj Agricultural Ri starch 


Vol 63 ^0 8 


Tabie 5 “ Summaiy of Ft and haekeronn gtneration data obtained fiom S type^ of 

sttd-coai coloi crosses 


l\pi of cross 


0) 


(3) 

(4) 
<S) 

< 6 ) 

<7) 

( 8 ) 


]*]blick X fnii 

(a) Fi X black 

(b) Ji X tan 

hi black X clump 

(a) >iXblack 
(b; Pi X (Jump 

F| black X ivhiU Ian Up 
fa) l!i X black 

(b) >1 X uhitti tan tip 
1 1 Ian X clump 

fa) f>i X tan 
I i tan X Hhltetan tip 

(a) F| X Ian 

(b) F| X white tan tip 
l<4tan X while pink tip 
(a) ki X tan 

0») Fj X white pink tip 
F] tan X tan 

(a) h i X tan 

(b) >1 X tan 

white tan tip X clump 

(a) h\X white tan tip 

(b) ki X clump 
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X 
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001 




290 
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551 

2**7 

1 30" 
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14 

18 
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15 


80 

2 112 
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45 
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59 
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51 
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1 
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<N 
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51 
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1 
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1 000 





11 (Icjnei of freedom for each A sinak asterisk (* indicatis si uitleant eleviafiou at 1*11 level ehuble 
ttstei isk *•) iiidiute sienituant de\ Ution it IW i le m1 


Table 6 Phtnotijpic ratios and chi-sqmif analysis for the i I, populations ftom 
tan X clump snd^cont color crosses 


Phenotypes 
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1 
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A 
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3 
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fi 
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91 

19 

37 

43 

7 
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42 

19 

15 

28 

1 
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92 

27 

49 

56 

13 
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1939-b 
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78 
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22 
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Deviation 
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m 
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45 
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Heterogeneity 








(hiseiuare value idue to indicated Mue 
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m 
m 
000 
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003 

1 925 
f}21 
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0 ti9 
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2 9)1 
1 f)27 
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* a« Ihurmond Grey X Striiied Klondike b-Golden Honey X Baby DellKht 
> Doubk aste risks indicate significant dey iation at 99 1 level 
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TABLfc 7 —Phenotypic ratios and chi-squait analysts for 3 Fj populations ftom 
the Cf 088 whitpink-tip x tan {PtiilesH N Haby Delight) and ^ backcross popu- 
lahonefrom F\ X white-pink-tip 
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It 000 1 
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‘ None of the It populalionx iiuohcd luii sliuinid, hs Ihi x tisl i siisnifuant divmtiun fnm iN indi- 
cati d latiu 


Tli(' folkmiiig gcones and pliouotypo s\ml)oK aio pioposed 

J{T]VD black, flat (Wiiitei Qiimi) 

RTWd d dflfeipiitiatcs a stipphni suiface of black dots sometiuic*' mimeroiib 
enough to Ik? almost solid black; usually hovto\ei, a tannish or reddish under¬ 
coat IS Msible in segregating phenotypes, d is appaicnth a specific modifiei of 
black in the cases here considered (Klondike and Hope Giant) 
ff/ir / differentiates tan, which ranges in segiegatiug lopulatioiis from dark 
Tuseanv biotvn (.7, pi 7, L 11)* through cacao (^, p/ 7, li 11) as found in 


' Plate and »»lo(k numbers of colors gi\en by Maere and Paul (5), 
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the variety Thurmond Grey down to light leghorn (3, pi. 10, 1) S) as in the 
variety Baby Delight. 

RTw, w differentiates a pattern called ''clump” because of the general tendency 
for the pigment in bp^h of most memliers of this phenotype in segregating 
)K>pulations to clump together about the margin or in the center. In segregat¬ 
ing populations the range of clumping runs at one extreme from iinifonn dis¬ 
tribution of pigment except for a narrow line inside the margin on both surfaces, 
as in the Sun Moon and Stars variety (fig. 6, B, a), to the other extreme of an 
almost uupigmeiited seed except for a penciled rim or merely two dots on the 
hilum prominences, as in the varieties Golden Honey (fig. Q, A, a) and Northern 
Sweet. 

Rtw, w and t together differentiate a more or less whitish seed called white-tan¬ 
ti]). sometimes with a slight tannish shading on the margin, but the shading is 
always present at the hilum end (Pride of Muscatine, Gandy, Chilean, and some 
lines of Peerless). 

rfir, r and t together differentiate a red- or reddish-orange colored seed ranging 
in segregating ])opulations from fes red (3, pi. 5, L to ))owder pink (3, pi. 
•i, R ?). (Not used as a parent but segregating from Peerless X Baby Delight, 
rtwXRtW.) 

rln\ r, f, and w together produce a decidedly white seed with slight pink color at 
the hilum end, called white-pink-tip, and sometimes a trace of pink along the 
margin in segregating populatiotih (Peerlesh). 

Table 5 shows that with four exceptions the observed phenotypic 
ratios conform to expectation based on th(» foregoing hypotliesis of 
three genes for color. The right-hand side* of the table* shows the* 
portion of chi square that is contributed by each degree of freedom. 
The four poor fits are thus traced to tlie gcuie interactions n^sponsibh*. 

The first poor fit, bluckXwhite-tan-tip backcrossed to wdiit<‘-tan- 
tip, is due to the interaction betwreen 7'and although the difficulty 
in this backcross is peculiar to it because the x^ttr from the* Fj genera¬ 
tion of the same cross show*s no disturbance at this point. The seeond 
poor fit, in the Vj of tanXclump, is also due to tiie interaction of T 
and Tr. In table 6 the four populations resulting from this cross 
are orthogonalized separately, and show'^ that tin* diffieulty b(*tw(*en 
T and W is peculiar to the om* population of Thurmond (ir(\\ X 
Striped Klondike grown in 1938. The thre(* other populations s(»gre- 
gate according to hypothesis. Hence it may be concluded that no 
genetic linkage occurs betwee?i the genes T and IF. 

The third and fourth cases of unsatisfactory fit occur in the K 2 
progenies of tanXwhite-pink-tip and the backcross of this Fi to 
white-pink-tip. In the Fj ])opuiations x^v is involved; in the bock- 
cross is involved. Table 7 shows that the 1937-a population was 
a singh* F 2 generation of 225 plants, whereas tin* 1937 b ])opulation 
was an aggregate of three smaller F 2 populations of 25, 73, and 26 
plants, respectively. The failure of the combined three po[)iilations 
to give an acceptable x^«» when totaled is ascribed to the inad(*quate 
sizes of the populations individually and collectively. (N. B. The 
seed-length g<*nc' L has alr(*ady been seen in the Joregoing section 
to be irregular in this same cross.) In the first backcross population 
it was assumed that Fi was heterozjrgous for the r allelomorphs; 
hence a 3:3:1:1 ratio in this backcross gives a satisfactory x® estimate. 
In the second backcross population an excessive proportion of whitc*- 
pink-tip at the expense of red is responsible* for the disturbed inter¬ 
action Detween the r and v) genes. 

The’ cross white-pink-tip X tan (Peerless X Baby Delight) recovers 
the parental phenotypes as double recessive and double dominant, ^ 
respectively, in a dihybrid segr^atiou, and the two single recessives 
are white-tan-tip and red. When one of th(*sc* singh* reeessives, 
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XBabv Delight (tan); a, sample from clump parent. H, Sun Moon and Stars 
(full clump)X Klondike (black); a, sample fiom clump jiarent 
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Mrhit«-tan-tip, is rrossod with black (I^idc of Muscatine X Klondike), 
the two parental forms arc also recoverod as double recessive ami 
double dominant, respuctively, while the two single recessives are tan 
and clump. The inference arises that in these two crosses, insU'ad of 
four different genra, there are only three. All other crosses in table 5 
confirm this hypothesis. Accordingly, tlie three genes RTW are 
postulated as the chief elements in a gene-interaction system in which 
simultaneous segregation of R and T has not yet been obtained, while 
RW and TW are shown to be inlieritod independently of each other. 
A fourth gene, D (table 6), operates as a modifier of black, RTW, and 
the simple allelic relations of D and d are demonstrated by four 
separate Fj populations. 

In Golden Honey the clump background has almost disappeared 
except for a marginal band ami shading on the hilum end as shown hi 
figure 6, A, a. There is no (jjuestion that the recessive allel w is 
present with T, and that when it is crossed with tan in Golden Honey 
X Baby Delight the same full range of the pattern is displayed in 
three-sixteenths of the Fj population as in the two otlier misses, Sun 
Moon and Stars (white-tan-tip) X Klondike (black) and Tliurmoud 
Grey (tan) X Striped Klondike (clump). Figure Ci shows the range 
of expression of the phenotype clump in F 2 populations of the crosses 
(A) Golden Honey X Baby Delight and (R) Sun Moon and Stars 
(white-tan-tip race) X Klondike (black). 

In order to test further the validity of the color-gem's hypothesis 
adopted from the foregoing Fj and backcross studies, an Fj generation 
from the cross white-pink-tip X tan was pown in the summer of 1939. 
A summary of the data obtained from Fg classification for seed-coat 
color appears in table 8, and is arranged to show Fg parentage, the 
type of segregation found, and the correspondence between obseiwed 
and calculated frequenci(*8. Out of 29 populations derived from tan- 
colored parents, 6 proved to be from and .3 fmm RRWw 

parents, ttius constituting a slight but not serious reversal of expecta¬ 
tion; the remaining 34 populations shown in the table segregated in 
close agreement with the Mendelian pniportions expt'cted from the 
fon'going hypotlu'sis. 

RELATION BETWEEN SEED-LENGTH AND SEED-COAT COLOR 

GENES 

Figures 7 and 8 show that when the ollels T (blat'k) and t (tan) 
interact with L and I (medium and long) or iS and s (medium and short) 
there is independent assortment of all gem's concerned. Tlie two 
figures graphically demonstrate the complete dominance of black over 
tan, medium over large, and medium over small, as well as the inde¬ 
pendent assortment of the three pairs of genes into two 9 : 3 : 3 : 1 
ratios in Fg, 1 : 1 : 1 : 1 in backcrosses to the double-recessive parent, 
and all black medium in backcrosses to the triple-dominant parent. 

The first indication that linkage existed between quantitative and 
qualitative genes for set'd characters arose from the obsc'rvation in 
1935 that small white seeds were rare in crosses expected to produce 
them. * The approximate linkage value calculated from the 1935 cross 
of large white-pink-tip X small tan (Peerless X#Baby Delight) was 
also obtained in 1937 from the cross large white-tan-tip X medium 
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black (IMde of Muscatine X Klondike). Tlie observation that 
wlnte-tan-tip was involved in linkafce with wlnte-pink-tip in the first 
cross and that whitc-tan-tip and clump were involved in the other 



Fk.frk 7.- Klondike* X Bab> 
Delifflit (black modiiini X tan 
*>hort): F 2 and backcrossob to 
both parents, begregatiiij? for 
t M 0 color and t^ o leiigt h pheno- 
Ivpps- black, tan, medium, 
and short. 



SEED LENGTH (MILLIMETERS) 

FiCiiTRE 8. Klondike X Thur¬ 
mond Grey (black medium X 
tan long): F 2 and backerosRes 
I 0 both parents, segregating for 
two color and two length pheno- 
typcb—black, tan, medium, and 
long. Inde|)endcut assortment. 


cross suggostod that the same rt'cesshe gene t/’ helj)s deti'riniue the 
two white phenotypes and dump. 

In the study of the interactions of the four color and two seed-length 
genes by orthogonal chi-square values, no potation available in¬ 
cluded at oiu' time more than four of the six. The two crosses offer- 
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mg quadrihybrul segregations (table 9) weie Golden Honey X Baby 
Delight, segregating for LST and and Peerless X Baby Delight 
segregating for I^R and (see figs 12 and 13) Several ciosses 
segiegated for LT and B', but they will not bo discussed suice they 
add notbing to tbe uifomiation from table 9 oi fiom mevious tables 
Since tbe alleis D and d operate only on tlic black inienotypc, gene 
intciaction is limited to D and L oi U and S, the efl'eits of which aie 
seen m tables 10 and 11 


Table 9 bourne oj ehi-squax (torn Itu 9 possiblf iinqle and doubU gtnic intn- 
actums in tht ? f’j populationi Goldin Homy / Baby Might (ISTw X 
and PeerhsH X Baby Might (IBiv Y 


<}ol(len Hoiiev X Babv Delight 


Peerless X Bnby Delight 


Phenol MKS 
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T4BLE 11.— Chi-square analysis of gene interaction between stippling and long- and 
short-seed factors, using only relevant data from F 2 populations also segregating for 
phenotypes that are omitted here 
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> DoiihU* ustpiibks (**) mdic'Htp sipiufloHiit <lp\mtion at tH) 1 level. 

Ill th(' (Joldoii Iloiioy X Baby Delight population, out of 12 phoiio- 
typ(‘s (llitTeforo 11 (l(»gm‘s of froocloin), only the 9 single and double 
gene interaelion degree's shown in table 9 art' ust'ful. The two triple 
gent' interaelion degrees remaining give no linkage information and 
may be* omitted. The data show a strong presumption of linkage' 
147.2<)(), 1 ele'gre'e of fre'ede^m) for the ge'iu's L anel W, and a 
we‘ak one' for 7’ anel W (xVw -b.dO*')). This last-name'el value 
(x^TH ^ iiMo) has alre'aely be»e‘n analyzeel (tal)le (>) for the' two sections 
of tlu' peipulatiein grenvn in HW8 anel 1939, irspe'etivedy. The; t\ve) 
ehi-sejuare* value's in e|ue'stie)n are 2.393 and 3.(527, ne'ithc'r eif whieh is 
signitieumt, altJioujjh ivhe'ii the' two seytieins are summate'e! to make 
one peipulation, as in table S, the individual sheirtage's e>f whit('-tan-tij) 
plants aeruinulate to give' an iiieTe'ase'd ehi-s(|uan' value. 

Inte'raetiein of L anel S e*anne)t be studie'd in this eir any otlu'i* e'reiss 
be'cause in tlie 9:3:4 ratiei prese'iit the're are but 2 elt'gre'es of fre'e'elenn, 
viz, L vs. /, and S vs. x, anel there' is no way of ortheigonalizing the' 
L vs. S inti'rae'tioii. lleiweve'i*, if L and S we're linke'd, tlu'n S anel W 
\voulel also lie linke'el, sine*e' linkage e'xists be'twe'e'ii L and W (se'e elata 
to feillenv). 

The' Peerle'ss <, Baby Delight earns will give little' reliable infeirina- 
lion e)n the gene's S anel W e>r the'ir inle'rae'tiem, be'e*ause the single'- 
pne ehi-square value's are e'aeh statistjeailly signilie;ant. x^w 105.810 
inelie*ate's the' se'e*e)iiel atre)ng pre'suinption of e'e)iipling linkage betwa'en 
L anel W in e'orre>be)ratie)n e)f the pre'ee'ding ei*e)ss eviele'iie'e. A se'eonel 
signifie*ant ehi sepiare', x^tt -9.899, 1 ele'gree' e)f fiweloin, pmbably 
re'sults from that given abeive. n*i<l X^« neinsignifieant; 

e*e)nse'qlie'lltly the* ehanea's are' against the* pre'se'iie'e' eif any linkage's in 
this serie's e.xeept the peissible but yet uutrie'd e*e)inbination T i\nel It, 
anel the highly probable L anel to be evaluate'el later. 

A graphic portrayal eif the differe'iit types of fae*tor inte'ractiem 
betwe'e'ii these color anel le'ngth ge'iie'S is pivse'nte'el in the se'rie's of fiv- 
ejue'iicy polygeins (figs, 7 13). All crosst's neii re'ure'sente'd graphically 
are in agreement wdth the interpretations offeTi'cl. 

The ge'iie interae*tions involving I) with L from the backe'ross 
(black stippleel long X tan flat short) X black stipple'd long are show’ii 

421’K,'>2 41 2 
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in table 10. Data are jyiveii for the only two ba(*kcrosa populations 
where interaction of D with L can be followed without interference 
from other gfenes. Both populations arc* from the same parentage 
and both give the information that no linkage relations exist between 

genes L and I), No crosses are 
available showing oidy the inter¬ 
action of /> with S. since that 
would reciuin* an as yet unknown 
parent having stippled black short 
sec'ds. However, it is possible to 
approximate the relations of D 
^ith L and H by omitting irrelc*- 
vant data from more* coinplc'x F 2 
segregations. These approxima¬ 
tions are giyim in table 11 and 
show that within such limits no 
linkage relations exist betwc'cm 
I) with cMther L or S, 

The only geme intc'raction mani- 
fc*sting clear-cut demonstrations of 
linkage is that bettveen L and W, 
the c*ffects of which are gra])hi- 
805 1105 1405 callv slumn in figures 9 to 18 In 

SEED LENGTH (MILLIMETERS) table 12 are given all ivlevant data 

Fiocbb 9 -Klondike X Hun Moon and l*opulntioim in Iho con- 

Stam (black medium X Clump longr pb»y: phase, 2 1^2 populations in 
F 2 population showing coupling-phase repulsion, and 7 backcrosscs, to- 
linkage between L and W. gethor with c*stimai(*s of linkage 

intensity. 

The populations in coupling and buckcross to the double-rc'cc^ssive 
parent are always most satisfactory for estimating linkagc*in tcnsitic's, 
as Fisher (f) and Mather (6*) have shown; consequently the coupling 
value 19.3±1.1 percent, i*stiniat(*d by the product mc'thod, and the 
value 15.8±1.2 pc'irent, obtained by direct calculation of cross-ov(*rs 
in the backcross, give a more reliable c*stiinate than the value 24.7±4.9 
percent, estimated by the maximum-likelihood method from the repul¬ 
sion populations. 

T4BLE 12. - Analysis of soutces of chi^sqiiare and estimaie of linkage valve for 
L and W in populations segreaainig fof seed length (medium^ L, vs. largtf i), 
and seed color (black or tan, Tv, vs. white or clvmp, w), m 10 F 2 coupling, £ h\ 
repulsion, and 7 hackcross populations 
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1 Each x* has l*deRr<*p of freedom 
s Signifleanev lo\el 10 1-8 841, 00 1 -6 A35. 
* By maximum-likelihood method. 


However, Matlier {6, p. 6*3) shows that a completcJy classified Fo 
population ^‘contains twice as much information about Uie recom- 

ft 
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bination fraction” as a backcmss. Consequently, the fact that the 
43 Fs populations indicate the full phenotypes of their F 2 parents 



Fksurk 10. - Pride of Miiseatine ^ 
Klondike (white-taii-tip Jour a 
black iiicdiuiii). F 2 population 
seRregating in four color pheiio> 
types, black, tan, clump, and white- 
tan-tip, and tuo length jihenotyjies, 
medium and long. Coupling link¬ 
age between and IF. 



FifsuRE 11.“ Striped Klondike X 
Thurmond Gre.\ (clump medium 
^ tan long): Fa population segre- 
gating in same phcnot\pes as in 
hgurc 10, but with repulsion 
linkage between L and H'. 


provides a dep:ree of precision not available in Uie data of table 12. 
In table* 13, therefore, is si'eii the distribution by phenotype symbols 
for L and W of tlie 43 parent plants of the Fa generation. (Calculation 
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of the linkage value by tlie inaximum-likelibood method indicates a 
coupling linkage value of 21 .'S2±7 24 ptucent, ivhich tails witlun tho 
range indicated by the data of table 12 

Table 13 Analysts of tk< dt^hihuUon by phenoiypt symbols of iht ifUnh/itd 
genotypes of 4^ parent plants of the Fi gentralton ftom th< r/o«s L\\ > Iw {fan 
medium while-ptnk-tip long) 
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I DouhU ustdisks (**) iiidualt significant deviition it 1 Itxtl 



FkiURe 12—Peerless x Bab> Delight (iivhite-pink-tip long tail short) 
population segiegatiiig in four color phenotypes, tan, red, \^hito-tan-tip, and 
II hitc-pink-tip, and throe length phenotviies, short, medium, and long Cou 
pliiig linkage betueen L and W 

DISCUSSION 

Weetman (9) studied inlientance of seed eight (units ot 2r) seeds 
per fruit) of Fi, F,, and backcross populations for the cross liglit 
(1.22±0 01 gm ) X heavy (2 60±() 05 gm ) In reciprocal crosses tlie 
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Fi mode \ariod a little, but was always eloscT to tlu* mode of the 
lij^hler than the li(‘avior parent. F 2 and backcross distributions were 
bimodal, suf 2 :^esling seCTe^alions of 3 lijj:ht to 1 heavy for F 2 , all light 
for baekc‘rosses to the light parent, and 1 light to I heavy for back- 
crosses to the h(‘avy parent. Despite significant deviations between 
observt'd and (*alculat(Ml ratios, these data indicate that Weetman 
had parcMital races corresponding to tlu' medium and long-seedetl 
idienotypes of the present invc'stigation. Tin* writer’s obtained good 
tits between obRerv(*<l and calculated ratios because all phenotypes 
had long, narrow seeds, hence variation was mainly in length. There 



FuiIUl 13 . (tuIcUmi Hal)\ Delight (clump long tan short) 

population segn^gatiiig in four color pheiiotxpe^, black, tan, clump, and A\liite- 
tan-tip, and three' length ])honot\]M*s, shoit, medium, and long. Coupling 
linkage bet^^een 7y and IF. 

are biotypes in ('itryUnH rulga/is, howe\er, with n'latively brpad 
sc(»ds, and crosses between this and the long nari-ow phenotype would 
probably segregate for more genes than L and S, The poor fit 
observecl by Weetman may have arisen from the presc»nce of peed- 
shape geiK'S in addition to seed-length geiK'S. 

In parent varieties there are at least two extreme kinds of clump and 
tan seed, which, on crossing with another phenotype, present the 
same shade range in the segregating clump or tan phenotype found in 
F 2 . This shade range wdthin the same phenotype in segregating 
populations is not caus(»d entirely by accompanying dominant genes 
of the triple interaction system, for the two original parent varieties 
Golden Honey and Sun Moon and Stars (fig. 6) were certainly not 
segregating. The range from light tan identified from Maerz and 
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Paul (5) aslc^lioni {pi, 10, US) to dark brown {Tuncmy, pi. 7, L 11), 
runs parallel to the shade range of the poultry breed ealled Brown 
Leghorn. In the ease of poultiy the predominant shade is legliom, 
as tlie breed name indicates, but much darker shades of brown are 
frequently found within the breed, and upon crossing with other pheno¬ 
types give the same segregation range as the lightc'r leghorn shade. 

In the early stagers of these investigations the extremely reduced 
clump phenotype of Golden Iloiuy was thought to be white rather 
than clump {8), thus causing some confusion in classifying for color. 

Red in segregating populations is another phenotype giving a wid(^ 
range of shades from fez red to powder pink, as illustrated by Maerz 
and Paul (^), and no doubt different investigatons will call this plieiio- 
type by different names, such as reddish bn)wn, orange, or red. The 
recognition of the extent of the shade range* comprising a given pheno¬ 
type is facilitated by using envelopes with cellophane windows when 
classifying Mendelian populations. For the sake «)f future genetic 
studies of watermelon it is important that investigators know they an* 
dealing with a given genotype no matter under what names it may 
appear. If the range of sliading found within a given phenotype is the 
same from cross to ci*oas and af)pears repeatedly in the approximate 

E roporlions expected by a working hyj)othesis, Uien tlu* existence* of 
lack, chmip, tan, red, white-tan-tip, and white-pink-tip as Mendelian 
phenotypes is established. Mor(K>ver, all the |)henoty|>es but black 
and clump appear as <*xp(*cted by gene analysis right inio Fi, and these 
fit so adequately into the interaction system hen* developed, b(*sides 
confirming the findings of other inv(*stigators, as to render further 
investigations of these two unnecessaiy. 

Kanda (5) in 1931 published a preliminaiy report on inheritance 
studies in seed-coat color, in which he presented detailed studies of only 
2 crosses, one evidently involving the same pair of factors h(*re calk'd 
black flat and black dotted (/A/), which was carried to F,, and the other 
postulated as segregating for 4 pairs of factor including f)<l. About 
80 additional crosses reported had not goru* b(*yond F,. Tlu* cross 
report('d to segregati* for 4 pairs of factors for sei'd-coat color comprised 
123 plants in F 2 and was carried no further, despite the fact that an 
adequate analysis required a minimum of 1,024 plants to include tlu* 
quadruple recessive at 5 percent pmbabilitv and l)('twc‘en 1,590 and 
1,855 plants to include it at l-pen*ent probability. Wlien Kanda's 
F 2 phenotypic ratio is subjected to a test for goodness of fit, as in table 
14, the chi-square value obtaiiuni is 12.636, with 5-pc*rcent significance 
at 9.488 and 1-percent significance at 13.277. If his phenotypes are 
compared with those obtained in the present material, a closer agree¬ 
ment can be reached by assuming only 3 pairs of factom, which will 
produce a chi-square value of 9.010, with the same levels of significance 
as given above. In the suggested postulation T and D are certain 
(according to the writers' hypothesis) to be included, and fl is suggested 
as the third gene. Even If this is an oversimplification, it fits the 
situations already known, provided Kanda’s “brown clear" phenotype 
comprises the range observed for the writers' “red" phenotype. 

Weetmon's (9) study of seed-color inheritance supports the writers' 
interpretations when allowance is made for inevitable p<*rsonal bias 
in the choice of names for fluctuating shades of csolor. For example,^ 
Weetman’s description of Japan 4 seed csolor as “medium brown with 
fine black dots" is the writem’ dotted black, and his Long Iowa Belle, 
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described as ‘light tan with poripheral black band/' is the writers' 
clump (see fig. 6). Description of the Fi between them os “brown 
nonbanded * * * miicli darker, us the fine black dots were more 

numerous" is an accurate description of the .writers' Vi Thurmond 
Grey X Striped Klondike, or Golden Honey X Baby Delight. F 2 
and tlie backcross to Ix)ng Iowa Belle (clump) gave tin* expectetl 
sepegation of 8:1 and 1:1, respectively, and the backci*o8s to Japan 4 
(black) was “all brown nonbanded" as expected. 

I'aiile 14. Kanda's F 2 population with gene analysis gwen^ and a proposed revision 
in the light oj the present investigation 
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In W(M*tnian’s second cross, involving Japan fi and Ijong Iowa Bell(», 
the f(‘niah‘ nanuit is refeuTod to as “reddish brown" and the Fi between 
tlieni as “black,'* doubtless the wrilei's' flat black. “Reddish brown" 
in tliis cas(» is probably the writers' dark tan, which wd)(»n crossed to 
clump produced 9 black, 8 “yellowish to reddish brown*' (tan), 8 “light 
tan with black bands" (clump), and I “tan quite variable*' (white- 
tan-tip). The backcrosses to both parents segregated as expected 
for tlu'se plnuiotypes. 

Ill Wcf'tman's third cross, Japan fi and C^hina 28, the* latter had a 
clump phenotype, and Fj (expected to segregate 9 : 8 : 8 : 1 ns above) 
was classified as 9 “<lark browni or black," 4 “reddish or yellowish 
brown," and 8 “tan banded.'* The backcross to the tan ])arent gave 
1 l)lack and 1 tan. In Fj the 4/1 fi class was obviously a difficult one 
to classify and IIh* double-recessive phenotype could not be identified 
with complete assurance. 

The investigations reported by the presiuit writers substantiate the 
published rejKirts from other souroes, and by adding new data co¬ 
ordinate the information now available on form and size of seed and 
on seven seed-coat color plKUiotypes into a unified system soniew'hat 
resembling the classic system of aleunmc* colors occurring in Zea 
mays L. 

SUMMARY 

The three seed-length phenotypi's ust»d in this study short (aver¬ 
age about fi mm.), medium (average about 10 mm.), and long (average 
aWit 18 mm.)—behave with respect to each other as though belong¬ 
ing in a dihybrid F^ segregation of 9 medium (LS) to 3 long (IS) to 4 
short (Ls and Is), 

• Seed-coat color phenotypes of parent biotypes used in this study 
arc black, clump, tan, white-tan-tip, and white-pink-tip. Of 10 
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possible combinations 7 have boon made. Analysis of F^, F 3 , and 
oackcross populations indicat os that the colors and patterns of this 
series ar(» determined by the interaction of a system of 3 main genes 
RTW and 1 specific modifier D operating on black alone. Of the 8 
possible phenotypes fram the 3 main genes RTW, fi are indicated, 
RTW (black), RTw (clump), RfW (tan), Rfw (white-tan-tip), tiW 
(red), and rfw (white-pink-tip). RTWd restricts the black pigment 
to dots more or less uniformly distributed. 

There is no evidence* of linkage within groups of the length (LS) or 
color (I)RTW) genes, since* all possible cennbinations have* been 
anulyze*d except TR, Bui betwe*e*n greiiips, the gene's L and W dis¬ 
play cempling linkage of 19.3 ±1.1 in F 2 and 15.8±1.2 in baekere)ss, 
24.7±4.9 re'pulsion linkage in F 2 , and 21./)2±7.24 coupling linkage 
among the completely ide*ntified parents e)f an F 3 g(*neration. 

LITERATURE CITED 

(1) Fisheh, H. a. 

1936. STATISTI(*AL METHOUH FOH KEhEilieil \M)RKERs. K(l. 6, rOV. atul 
enl., 339 pp., JIIuh. Edinburgh and London. 

(2) Immer, F. R. 

1930. FORMULAE AND TVRLEh FOR C VLOVL VTINfi LINK V(JE INTENMTIK.S 

Gonetip8 15: 81 98. 

(3) Kanda, Takeshi. 

1931. THE INHERlTANrE OF sKBI>-f’0\T ('OLOVHINO IN THE W \TER-\IELO\. 

Jap. Jour. GcMiot. 7: [30] 48, illus. |ln Japanc^se. Englihli sum¬ 
mary, i)]). 46 48.1 

(4) McKvy, J. W. 

1936. FAe'TOR INTERACTION IN CUTItCLLUS. SEED-COAT (OLOR, FRUIT 

SHAPE AND MARKINUS hUOW EVIDKNC'E OF MENDELIAN INHKRIT- 
ANC’B IN \\ATERMELON f ROSSES. Jour. HcTC'd. 27: 110 112. 

(5) Maerz, a., and Paul, M. Kea. 

1930. A DICTIONARY OF TOLOR. 207 pp., illus. New York and London 

(6) Mather, K. 

1938. THE MEASUREMENT OF LINKVOE IN HERKDllI. 132 pp., ilius. 
London. 

(7) Owen, F. V. 

1928. C'ALC'ULATINU LTNKAUE INTENSITIES HY PRODUCT MOMENT COHREL\- 

TioN. Gc'iictips 13: 80-97. 

(8) Porter, 1). R. 

1937. INHERIT ANC'E OF CERTAIN FRUIT AND SEED C’ll Alt VCTERs IN W A'JER- 

MELONS. Jlilgarclia 10: 489 509, illus. 

(9) Weetman, Leslie M. 

1937. inheritance and c*ourelation of shape, size, and c olor in'IHE 

W'ATERMELON, CITRULLUS VULOARLS SCHRAD. lowa Agr. Kxjlt. 
8ta. Res. 13ul. 228, pp. 221 256, illus. 



INCREASED SIZE AND NICOTINE PRODUCTION IN 
SELECTIONS FROM INTRASPECIFIC HYBRIDS OF 
NICOTIANA RUSTICA ' 

By H\hold H. Smith, axmMtanl yinetieml, and ('iiahles W. Bviov, phimelogkt, 
Dwisim of Tobacco Invcutignliorm, Huuati of Plant Imlutsinj, ( tiilcil States 
Ihpartninit of Agiicultiiie 


INTRODUCTION 


At priwnt nicotine is oiitaini^fl from leaf stems and low-ffi-ade or 
scrap-leaf material of Nicofiatia tahaeum L. as a byproduct of the 
tobacco indiistiy. However, wdtli the poasibility of an iucreasinff 
ihunand for nicotine, because of its wider use in ins(>cticid(‘H and for 
other purposes, there may lie need for varieties of tobacco that can lie 
fliTiwn p«)fital)ly for the nicotine alone. 

As early as 1911 Xieoiiatia rmtiea ]j. was shown ® to have a higher 
content of nicotine than N. tahaeum, and it was suggested at that time 
as a logical species to use us a source of this alkaloid. 

For a number of yi'ars many different varietii's and intnuliiced 
strains of Nieatiana runtiea have been giDW’u by the Division of Tobacco 
Iijvestigations and tested for yield and ulkaloidal content. Types 
with the higlu'st yields of nicotine w'cre select(*d and continued each 
season. It was considered, however, that e^en among the best of 
the.^e theie was need for impmvement of plant charucteristics and 
espi'cially foi larger sizi*. 

Tin' late Otto Olson, of this Division, working in cooperation with 
th(' Pennsylvania Agiicultural Expi'riment Station, cntssi'd two 
favorable vai'ietii's of Nicotiann nmtiea some years ago, ami si'h'ctions 
fmin his hybrids have also been continued. 

With the.s<> sources of inati'i'ial the investigations reported In'rein 
were begun in 19:10. Their purpose was to combine the bi'st size 
charai’teristics to obtain a lai'ger Nieotiana rustlea giving increased 
yield of nicotine. 

MATERIALS AND METHODS 


Two inbriul varieties fitim introduces! seed lots and one of the best 
Olson selections were used as parents for cnisses. They are describeil 
below. 

(Ij Xicoiiana runtiea var. braftilia Schrank, strain :147.5;} (fig. 1, A) 
Si'ed was obtaineel fnmi A. Splendore, Scafati, Italy, in 19i:i, and was 
noted ns coming originally from Brazil. 

(2) Nieotiana ntntiea tall type (fig. 1, B). Seeds w'cre obtained in 
1926 from the Cambridge Botanical Garden, C’nmbridge, England. 
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They wore not labeled with any varietal dea^ation and have been 
called simply tall type. The strain is probabfy nearest to N. mntiea 
var. mJnm Cav. 

(3) Nicotiana runtica Olson 68 (fig. 1, O- This line was selected 
from a cross between N. ruMica var. Wumeba^ and N. ruMiea var. 
hnmlia No. 23. It was continu(Hl by inbreeding tlirough a number 
of generations until in 1938-39 the Fjo and Fu were grown. 

All ^ants in these experiments wen* grown at the Arlington Experi¬ 
ment Farm, Arlington, Va. They were plac(‘d 18 inches apart in 
1 -meler rows so that there were 8,800 to the acre. Shortly before 
planting tim<>, 4-8-4 fertilizer was distributed uniformly in the dnll 



FuiUkk I.- Parental types of NutAiana iiitlua iiscd m crosses 1, Vanctj 
biastha, strain 34753; B, tall tyixi; C, Olson 6h. 


at the rate of 800 poiuuls per acre. The soil was Keyport silt loam, a 
heavy, elaylike type, and was approximately uuiforni throughout the 
plots used. 

Measurements on plant height, number of leaves, and length and 
width of the largest leaf were made soon after the onset of flowering. 
The best plants were bagged, and about 28 days later their leaves 
were picked and hui^ in the curing barn to diy. 

Following the drying, or curing, selected leaf samples wete weigheil 
and ground into a fine powder nreparuloiy to chemical analysis. A 
modmeation of the Keller method, developed in the Division of Tobacco 
Investigations, was used to determine the nicotine,content.* 

xOarnih, W. W , Bacon, C VIr , Bo^uvtr. I l>, and Brown, D. E. tul nitrogan nutrition* 
OPTOHAoro l.H J)Pi)t Agp Tech Bui 4M,78 pp,illuh J084 
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RESULTS ON INCREASING SIZE 

PARENTS, Pi*S. AND Pi'S 

Average measurements on the three parental typt's used are arranged 
in table 1 . The year during which each family was grown is pndixed 
to its number; e. g., 87190 in 1987, 88179 in 1988. It is evident that 
pronounced yearly fluctuations occurred and must be taken into 
account when making (‘omparisons betw(‘en parents and hybrids. 

Ta.ble 1. Means of measurements on parental strains of Nicotiana ruslica and on 
Fi arut Fi generation families lesulting from crosses hettoeen thim 
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The Fi l)(»tvv(‘en strains 847ri8 and tall type was significantly talh'r 
than strain 84758, hut was not as tall as the taller parent (table I). 
It had significantly few(»r heaves than eith<»r, and the largest leaf was 
at h'ast as large* as in the parents. Significance in this pup(»r isdetei’- 
mined by the / t(*st for I' 0,05. Theiv \\as no decrease in a\(‘i*age 
vigor fi*om the* first to the* s(‘cond hybrid genei'ation. Backcrosses of 
the F, to strain 84758 (table 1 ) and to tall type tended to be interme¬ 
diate* betw(»e*ii the Fi and F.) ave*rage*s and those of the ivcurreiit paivnt, 
with cei’tain (*xce*ptions. 

Some individuals with piH)nounce*d inci*ea.ses in size* wei*e e)btaine*d 
ill the sc*c()nel hybriel genei-ation. The*se were sc'lfed and also we*re* 
e*re)ssed with Olson 68 in an attempt to pie)eluce still laig(*r plants. 
The* imme*diate e*ire*ct of Olson 68 on incr easing plant height anel nuni- 
ber of leave*s is evident by (*omparing (table* 1) family 88205 with 
family 88222. 

SELECTIONS FROM HYBRIDS 

Four riew^ lin(*s w^ei-e eleve'lope*d from the* be*st plants in the se*e*e)nd- 
generation families 87197 anel 88222. They w'e*i*e continued by se*liing 
and also were crossed once wdth Olson 68 and th(*n succe'ssively selfed. 
Selections from the latter self-pollinations pi-oeluce»d bette*r plants than 
selections from the feirme'r. Average measui'ements on a few of the 
best familie*s in each line, fi*om the F^ to the Fa, are shown in table 2 . 
Data on some outstanding individuals are presented in table 8 . The 
original F 2 plant of line I and its progeny were tall and had exceptionally 
large leaves, which was a major factor in pi*oducing the higli yields of 
plant material obtained. 
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Table 2 — Aftatis of mtasurf ments ov fatmlits ni ntUcUd hncH front hybrtdh biiaun 
types of \icotiana rusttca 
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Table 3 - Data on b<st plants in sf^tcfions ftom hybads 
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Th(‘ oiigimil Fi plant of lino 2 and its progonv wtMt' in all si/o 
charactonstirs moasuiod and woio loto-flo^oiin^, a fa\oial)Io foatuio 
The oiipinal plant of lino d and its piogi»nv bad lolativoly inan\ 
loa\os, which i^as a major factor in producing its high yields Lino 4 
was dovoloiiod from the best plant of family dS222, wliidi was large* 
and lolativoljy high in nicotino contont. 

Many of tho plants grown in 19d9 woio too stunted by the diy season 
to bo considerw typical; but when compaiisons w(mo made between 
families m which a limited number of representative individuals weie 
measured, it was found that each new line w^as significantly larger 
than the best original types in one or more measurements Iiicieased 
size had been maintained, then, by selection and mbreeding thiough a 
number of generations and under adverse seasonal conditions 
In ordei to combine desirable charactenstics of the new strains, 
crosses were made in all possible combinations ^long the best Fr, 
individuals m lines 1, 2, and d and the best F-, in line 4 These Fi 
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crosses wm; each s^iiificantly larger (with one exception) than the 
original vari«*lies. Especially pi*omisirig was tlie cross between line 2 
and lin(‘ 1 (89300 in tables 2 and 8), which W’tis superior to any of the 
new inbred liiu's, thi'inselves. Line 8 X line 1 (8929(5) also proved to be 
a favorable combination. 

In regard to the most outslandiiig segregants, ])lant No. 2 (fig. 2, A) 
of the cross lim* 2 X line 1 was 7(5 inches tall, wdiich was the greatest 
height reached by any Nicoiiana msfica grown during the cours(» of 



Kk.uhb 2. Tliree exceptional plants in the faiiiil.t (39300) produced \)\ crossing 
line 2 y line 1: .1, Plant No 2, height 7(5 inches. li, plant Xo. (5, 41 lea\es, 
(\ ])lant No 4, 145 gin. of leaf luateriab estimated potential > leld of 24(5 jiounds 
of nicotine per acre. 

the expcTiinents. Plant No. (5 (fig. 2, B) of tin* same (*rosshad 41 leaves, 
whicli was the higlu'St leaf niiinber recorded. Finally, the increasetl 
size of certain individuals was demons!rateti by their high yield, which 
is discussed Ixdow. 

RESULTS ON YIELD OF NICOTINE 

WEICiHT OF LE^P M\TERI\L 

Selection in tlu'st* experiments was based on yield of nicotine as well 
as on characteristics of the plant in the field. The former is mainly a 
fun(*tion of total leaf weight and peireiitage of nicotine. Green plants 
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with tlio largest measurements in the field usually had the heaviest 
weight of dried leaf material, so that tliere was general correspondence 
between the two groups of data. 


Table 4. — Total weight of leaves, percentage of nicotine, and estimated potential 
y If Id of nicotine per acrt from selected bagged plants of parental types of Nicotmna 
rustica 


Pamnial lyiM» 

1 

1 Faniilv 
No 

Num¬ 
ber of 
imlh id- 

Total weight of 
leases 

M(‘ 0 line, air-(lr\ 
babis 

Estimated |)oten- 
tial yield of nico¬ 
tine |ier acre 



uals 







1 

1 

1 

1 


4veratte 

lllglu St 

Axerage 

Iflghest 

4\irHge 

Highest 


1 

t 

t 

Oritnu 

Qram» 

Percent 

Pment 

Povndi 

J^oundn 

Varictj hranba, 347.H 

( 37]9» 

1 38176 

10 

94 8 

llfi 8 

2 71 

3 10 

50 3 

71 7 

7 

880 

119 9 

4 25 

fi 84 

7fi 1 

94 2 

Variotv hraxilia No 23 
Tall tviM* 

36231 

4 

41 2 

fslO 

fi ll 

7 21 

47 9 

1>8 4 

/ 17192 
\ 39233 

9 

74 fi 

91 2 

2 09 

2 73 

31 5 

48 3 

4 

44 2 

fiO 1 

3 44 

4 11 

28 7 

34 1 

Olson 

38180 

fi 

83 fi 

1(N> 9 

3 A9 

fi 41 

fil 7 

84 fi 

Olson 684 

39239 


fi4 6 

(>5 1 

5 79 

b 14 

(•1 3 1 

1 72 0 


Weights for the parent strains are given in table 4, showing the 
avenjge and maximum for each year. In 1939 data on strains 347.13 
and Olson 68 were not obtained, owing to an accident; so those on var. 
brasilia No. 23 and Olson 68A, two similar typt's, were substituted for 
comparison with hybrids grown that year. 

Table b.—Total weight of leaves, ptreentage of mcotini, and tshmated potential 
yield of nicotine per am ftom Fi and F 2 bagged plants of Nicotiana riistica hybi ids 


(leneiation 


Fi 


F, 


Family 

Num¬ 
ber of 

Total weight of 
leaves 

Nirotine, Bir-dr\ 
bavis 

Estimated |)uten 
tiaUield of nno 
tine peracTA 

No‘ 

individ- 








uals 

Avoragi* 

Highest 

Aserage 

Highest 

Axerage 

Highest 



(hanu 

Ora ms 

Percent 

Ptrcint 

Pounds 

Pounds 

/ 17195 

2 

87 7 

119 1 

2 fil 

A ft8 

49 8 

85 0 

\ 18201 

4 

91 9 

KNi 2 

2 27 

1 4b 

40 0 

fi9 9 

171% 

12 

98 0 

120 8 

3 19 

4 20 

bl fi 

8f> 1 

37197 

24 

103 2 

132 2 

3 11 

4 22 

b1 2 

108 2 

18205 

10 

9fi 7 

125 2 

3 54 

4 99 

M) fi 

101 3 

37198 

1b 

9b 8 

143 b 

2 85 

4 5<> 

fifi b 

127 0 

38222 

15 

101 2 

141 5 

3 05 

fi fi7 

?2 0 

119 7 


1 S(>c table 1 for designation of imrciits for each faniil> 


Fi’s between strain 34753 and tall type (table 6) weighed about the 
same as strain 34753, the heavier parent. Best second-generation 
plants from the same cross were slightly heaver on an average than 
the F]’s and were outstanding in that the maximum weights were 
higher than in the parents or Fi’s. This same result was obtained 
when germ plasm from Olson 68 was introduced (38222). 

Plants in the new lines had the highrat individual and average 
weights recorded during the experiments (tables 3 and 6). The dried 
leaf material alone, of the best plant in line 3, weighed 163 gm., 
w'hich was the maximum weight ontained. 

The b(*8t Fs X Fs family^, 39300, as judged by characteristics in the 
field, also had higher weights of leaf material than did any other 
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family grown that year. Tjoavo8ofth<‘honvipfitplant,No.4 (fig. 2, O, 
weighed 145 gm., which compared favorably with the weight of the 
plants grown during better seasons. 


TiBLB 6. —Total weight of leaves^ petceniage of nicotine, and estimated potential 
yield of nicotine per acre in hogged plants of best families in the new lints of 
Nicoiiana rnstica 


Jiiiic No. 


I tno 1 
Lino 2 


Lilli 3 X liiK 1 
Lino 2 X lino 1 


Faniil> 

Num¬ 
ber of 

3 otal wiiiehl of 
li'avts 

Nicotinp, air-(li\ 
bahib 

K<tiiinat(d iwten- 
tial>ield of 011 * 0 - 
tino iMT Acre 

No 

ludivid- 

uals 

— 

— 




_ 


Avorage 

lligliosl 

Avenige 

Highest 

tragi 

Highest 



Grams 

Grams 

Percent 

Peneiif 

Pounds 

Ihmnds 

r 38208 
\ i<)2»{ 

18 

no 3 

138 5 

3 .10 

i 81 

74 i 

120 0 

3 

1 X 1 8 

124 0 

4 50 

5 12 

87 8 

118 0 

/ 10245 

4 

105 0 

120 3 

4 71 

4 00 

04 9 

102 7 

\ 10278 1 

10 

81 8 

112 5 

3 89 

4 75 

80 7 

M20 

r 1K210 

11 

* 123 6 

183 0 

3 .50 

4 45 

88 .3 

140 7 

\ 30201 

6 

84 0 

107 0 

5 07 

0 80 

08 8 

141 2 

/ 10271 

2 

77 0 

88 0 

5 2G 

8 07 

81 0 

103 6 

\ N202 

1 

Mt 1 

05 i 

t 0() 

5 81 

S2 0 

07 8 

J02M) 

4 

05 3 

112 4 

1 10 

5 X) 

'*!> 9 

11.5 8 

30300 

14 

104 U 

14.5 0 

.5 20 

8 51 

lOH 4 

175 0 


PERCENTAGE OP NICOTINE 

PoiToiiliigc of nicotine, like size of plant, is affected by the environ¬ 
ment, so that pronounced yearly fluctuations occurred (‘ven in the 
lioniozygous parent strains. 

Topjnn^i: has a major influence on building up nicotine, and, from 
records over a 5-year period, it was found that toppc'd plants had, on an 
average, an absolute* increase of about 2.5 percent alkaloid as com- 
pare'd with bagged ones. An increase of 2 percent would be a conserva¬ 
tive estimate of the eff<*et of topping; this value corresponds closely 
to results obtained in New York State for 1924 and 1925.“* Since all 
detenninations in tables 4, 5, and 6 were made on bagged plants, 
approximately 2 iiercent should lx* added in order to estimate their 
potential content. 

Th(»r(* was no marked gain or loss in percentage of nicotine from 
the higher parent to selected plants of the F 2 generation (table 5j. 
Addition of Olson 6S in crosses caused an increase in nicotine produc¬ 
tion in both the Fj and later generations. 

The new lines were somewhat lower in percentage of nicotine than 
the parental types 34758 and Olson 68, but owing to their larger size 
some plants hi most families were higher in yield of nicotine than the 
parents (table 6). 

YIELD OF NICOTINE 

Yield of nicotine per plant is the product of the weight and the 
percentage of nicotine. It w^as considered advisable to multiply this 
figure by the number of plants per acre, which would not change the 
relative individual values, and yet would provide some basis for 
estimating whether or not the increases vrere sufficiently great to be of 
possible economic importance. 

•COUWON, R 0., llARTAN, I D , ftml STRBETER, L. R, III(»H-NKOTINi TOBACIO. V. Y. SUlc VrF. 
Expl.StR Rill l»pp. 192B. 
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Fop bagged plants of the beat parent strain during the yeura of the 
experiment an estimated maximum yield of about 94 pounds of nicotine 
per acre and an average of 75 were obtamed (38179 in table 4). 

The new lines contained bagged individuals with estimated yields 
as high as 141 pounds, and the average in a number of families was 
higher than in the parents (table 6 ). Fourteen selected bagged plants 
of the best Fs X Fs family had an estimated maximum potential yield 
of 175 pounds of nicotine and an average of 108 pounds, obviously 
significant increases over tlie original vaiieties. 

Wlien the effect of topping and the yield from stalks are included, 
the potential values are still higher (see table 3, last column). 

DISCUSSION 

(JENETIC CONSIDERATIONS 

Increased height in iiitervarietal hybrids of Nicotiana rusdca i\as 
reported by FJast * in crosses between the varieties brasilia, texana, 
scabra, and hmnilis. From the data obtained he conclucled that 
reciprocal Fi’s were very similar to each other and that the parent 
varieties differed by many genes for size. Hybrid vigor in tirst-genera- 
tion plants from crosses between certain strains of NicoHana ru*stica, 
but not others, was reported by Bolsunov ** in Russia. 

The Fi described in these exjierimenfs was not larger than the 
parents, tiiough other Nicotiana rvstica crosses, less pioniising for 
nicotine production, <lid show typical hybrid vigor. The data reported 
present difficulties for genetic analysis, but certain general conclusions 
regarding the genetic basis for the results obtained appear tenable. 

In crosses between strain 34753 and tall type it was found that the 
Fi w'as almost us tall as the taller parent; the F 2 contained some plants 
that were taller than the parents or F,; and in the F 4 , families with 
significantly different mean heights were produced, one of which wjas 
significantly taller than tall type. These results, combined with 
obser>ations on the backcrosses, were interpreted to mean that the 
])arents differed by partially dominant genes for increasing height, 
most of which were from tall type. Some were contributed by stniin 
34753; so by genic recombination segregants and subsequent families 
W'ere produced that exceeded the taller parent in height. 

In crosses between strain 34753 and tall type it was found that the 
Fi had fewH‘r leaves than either parent, 'fhe F^ generation did not 
differ significantly from the Fi in average number of leaves and 
contained segregants that were equal, but no better, in leaf number 
than the original types. Backcrosses of the Fj to each parent had 
significantly liigher means for leaf number than the Fi. F 4 families 
with significantly different means occurred. Two F 4 ’s and one F,. had 
a signincantly higher average niunber of leaves than the better parent. 

It was concluded that increase in leaf nuniber in these selections 
was controlled by genes, recessive in their action, some of which were 
contributed by each parent. 

Tall type and strain 34753 do not differ significantly in length or 
width of the largest leaf. The F| was significantly larger ai'cording 
to 1938 results. The F^ and fiiwt backcross generation showed a 

'RA.Vr, EM \ STUDY OF PARTI A1 8TKRII ITT IV rrRTAINHYBRIM OmetlCS 0 fUll-WS, lllUS 1921 * 

• Bolsunov. I I. contribution to the study of hybrid vioour iv nicotiana rt mtica l ni dw amk h 
OF HYBRID GROWTH VvBSOium Naucli. I&slpd. In^t. Tabach. i Makhor. Prumysh [KrasiKMlar] |Bul J 
138 [44H7, Ulus. 1839 (In Russian. English summary, pp. 56-57.] 
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slightly iiKirasod vaiiobililv o\c*i the F, Loaves of the backciObS to 
sti am U7r)3 weie espe( laily laige F 4 familu»s were obtained that tiad 
signifKantly larger leaves than either parent It was eoncludod that, 
although strain 1475.1 and tall type had approximately the same si/e 
laigest leaf, the genes (ontiolhng this (haiaeteiistie diffeied in the 
two types 

Theie was evidence that the genes <ontiolhng the inheiitanee of 
plant height, nninbei of leaves and size of the laigest leaf weie to 
80 in<‘ extent independent, an inipoitant faetoi in lecombming desirable 
traits into new strains The genotyiie of Olson bS apparently con¬ 
tains more genes foi ineieasing plant height than stiain 147')!, it ean 
add to the numbc^i of lea\es in ceitam genic combinations, and in no 
bc‘lc‘ctioiis studicHl did the addition of Olson (>8 cause a significant 
diflc'ieiice in leal size 

In table 7, the Ireqiiency distiibutions of measunments on plant 
licMght number of leaves, and length of the laigest Ic'af aie aiiaiiged 
for 34751 tall type, F,, F, X 34753, best F 4 , and best Fr X F The 
families involve onl\ stiain 34753 and tall t>pe, with the exception of 
the best F ^ , which contains germ plasm fiom Olson bS as well as 

from the othc'i two paiemts Table 7 shows the variability in the 
families eonceine'd and gives some ide»a of the e'Hc'ct of hybiich/ation 
and of selection on the chatactcnislics menisurc'd 
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There were insufficient data to wairant drawing any conclusions 
regarding the genetic factors controlling nicotine content. It was 
evident, however, that either some genes for nicotine production from 
strain 34753 and Olson 68 were not included in the genotvpes selected 
for the new lines, or else largcT plants are not capable of ouilding up 
as high a percentage of nicotine as smaller ones under the same 
conditions. 

ECONOMIC CONSIDERATIONS 

On the basis of prices paid for tobac*co sold for byproduct, the ret urns 
per acre for crops containing 100 to 150 pounds of nicotine would 
compare favorably with the average retiu'ns over a period of years 
from culture of at least some types of commercial leaf tobacco. 
Topped plants of the original varieties actually gave such yields under 
the conditions described here, and the production of alkaloid may be 
increased somewhat by allowing the plants to remain longer in the 
field from time of topping to harvest. TIk^ costs of cultun* and of 
nicotine extraction are not definitely known, however, and it has been 
estimated that the profit, if any, from growing the original varieties 
for nicotine would be small. 

The results on best selections in the new lines, to the Fe generation, 
indicate that it may be possible to grow typ(‘s of Nicotiana ruMica 
that yield up to 200 pounds of nicotine per acre under the cultural 
and environmental conditions of these experiments. If the homozygous 
strains now being developed are able to produce as high yields in field 
tests, it should be possible to grow A^. rmtica profitaUy for the 
nicotine alone. 

The cost of preparing Nicotiana rmtica for market would be less 
than for commercial leaf tobacco; but, since it forms suckers more 
abundantly than AT. iabacum, more labor would be required for their 
removal. In this coniiectioii, Bolsunov^ has recently described an 
unusual variant, resulting from a cross between two types of N, 
rmtica, in which the axillary buds were either partially atrophied or 
completely absent and in some cases of wliicli the terminal inflorescence 
was also lacking. Seed was obtained from secondary suckiTs on the 
lower part of the plants, and selection to tlie F 5 generation has pro¬ 
duced lines which still show the anomaly. This type, if it is as promis¬ 
ing as described, should be of value, since the cost of topping and 
suckoring would be reduced. 


SUMMARY 

New lines of Nicotiana rustica, developed by hybridization and 
selection, were significantly larger on an average than their three 
parental strains, namely, iV. rustica var. brasUia (strain 34753), tall 
type, and Olson 68 . 

The characti'ristics measured were plant height, number of leaves, 
and size of largest leaf. These were controlled by relatively indraendent 
genes that could be recombined in advantageous groupings. The best 
parent values were usually not exceeded until new homo^gous com- 
oinations were established in the F^ or later generations. The original 
strains differed by some genes for each character. 

^ BOISUNOY, I. I. [a YALTTABLX BTBRID of nicotiana KVaUCA DEVOID or INnORBSCENCE AND I7PFER 
BDCSSRII.] Seiek. i SemTQ. 2-3 40-U,illi28. 1939. [in Russian.] 
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Further increaw'B in size were obtained by ci'ossing Fj aeleetions of 
the new lines together. The oceurrenee of some exceptionally lar^ 
segregants suggests that still fiu*ther increases in the average size will 
1 m‘ possible. 

Related data on th(‘ weight of dried leaf material and percentage of 
nicotine were reported. Estimated potential yields of nicotine per 
acre were calculated from these figurra, and selections in the new 
strains, to the F^ generation, were found to be supt'rior to their original 
parents in this rrapect. The possible economic importance of the 
improved lines, for use as a source of nicotine for insecticidal purposes, 
was discussed. 




SOME FACTORS THAT INFLUENCE THE IMMEDIATE 
EFFECTS OF POLLEN ON BOLL CHARACTERS IN 
COTTON ‘ 

lly H J. Fulton * 

Assislant agrononmi, Divinion of Cotton and Other Fih<r Crops and Diseases, 
Hureun of Plant Industry, Ignited States Department of Agriculture 

INTRODUCTION 

In 1931 riiirrisoii (2)'' n'portod the orcuiTonco of imnmliatu rffucts 
of ])ollon on six l>olI cliarm'lura of cotton. As Swinjijlc (7) had defined 
inetaxenia as the immediate etfect of pollen on tiu* parts of tin* seecl 
and fruit lyin^ outside tlie (mihryoand endosperm, Harrison considered 
that only tin* charact<‘rs of boll period, lint h^nf^tli, and seed fuzziness 
exhil)it(‘d iiKdaxenia. The* design of the experiment pcTforined by 
Hai*rison in 1929 was followed by the writer in (‘xp(»rimenls pc^rformed 
at the United States Fi(‘ld Station, wSacaton, Ariz., in 1934, 1935, and 
193(), ('xc(»])t that inbn^d strains of cotton wen* used (»xclusively. 
In th(*se later experiments the effects of three kinds of pollen were 
compared: Pima Efijyptian from a strain inbred 20 y(»ars, Aeala up¬ 
land from a strain inbr(‘d 11 yeai's, and Hopi from a strain iiduvd 
12 years, these* |)ollens having be(*n us(*d to fertilize emasculated 
llo\\<»rs of A<*ala of the* same strain as that which furnished the Aeala 
polh*n. 

Dillereiice's of smaller magnitude than those reported by Harrison, 
but usually significant, W(*re foumi in respect to each of the* five* ehar- 
acte*i‘s ele*te*rmine*d in these* late*r experime*nts. Ke*arn(*y (S) in 1929 
anel Harrison (2) in 1931 re*porled that be>ll-maturation pt*rie)el was 
afre*e*ted by the amount of e»xposure to sunlight. The* e*xistt*nce of 
othe*r fae*tors that e*an mask or e*mphasize the e'xpression of the* imiiie*- 
eliate* e*fre*e*ts e)f peilleit on e*otton was demonstrat(*d by the e*xperi- 
ments re*pe)rte»d in this pape*r. The fae'te)^ refe*rri*el to are* the t*fre*cts 
of (1) variation in seasonal coiidifions from ye*ar to ye*ar, (2) varia- 
tiems in \\eather or other conditions on e)r ne*ar the day of an thesis, 
(3) individual variation anion^ the plants use*d as pistillate parents, 
anel (4) variatiem in conditions affe'ctin^ the nutrition of the bolls. 


.MATKRIALS AND MKTHODS 


It was souj 2 :ht te) determine the efr(*cts of pedlen in bolls resultimj: 
from twe) interspe*cific cre>ss-pollinations, A X P ((lonsypinm hirsitfum 
L, < 6\ barbadense L., Aeala X Pima) anel A X If ((>• hirsyfum 
^ (H, hopi Lewton, Aeala X Hopi), and one endojjamic cross-polli¬ 
nation, A X A (G, hirsyfum X G. hirmtym, Aeala X Aeala) in respevt 
to five characters of the bolls, naniedy, number ()f se»eds, 8(*ed inde*x/ 
lint in(h*.\,'’ fiber length, and boll-maturation period. 


' liiwuccl iin publication March .U, mi. .. i i\4 \... 

^The author is indebted to K. eiordon Smith, aRsibtant selentifle aide, 1)1 vuiion of f otton and (itlui 
Killer Crops and Diseast'S, for penerous assistance in the field and in ihe laboratory 
- Italic numbiTS in i>an*nthesi>s refer to Literatim* ('’ited, p, 4K»I 

‘ Set*d index is the equivalent of the. wclpht, in grams, of lew w'ds 

Lint index is the equivalent of the weight, in gr.uns, of the lint n*’noved from len sei»ds. 
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Fifteen Aeala plants were selected ns pistillate plants c*ach year, 
and each plant received the 3 cross-pollinations in rotation as flowere 
appeared throughout the pollinating season. Fifty undamaged bolls 
of eaxdi cross-pollination were obtained in 1934 and in 1939, but tlie 
1935 material was discarded, except for fiber-length determinations 
from undamaged locks, because of the v(‘iy small numbeu* of normal 
bolls obtained before fmst. In 1934 the 150 bolls were obtained from 
pollinations made on the 10 days (Saturday and Sunday excepted) 
between August 15 and August 27. In 1939 they \verc‘ obtained 
from pollinations made on IS days betwecu) August 1 and August 27. 

INTERRELATIONSHIPS OF BOLL CHARACTERS STUDIED 

Table 1 gives the set of coefficients of (*orreIation for the* 5 boll char¬ 
acters considered in this study. The ‘‘within si^asons*’ value of r is 
U8e<l in order to have a figure that would most nearly corr<‘spond to 
one that could be expected if all 300 bolls had Ix^en grown in oru^ 
year. Number of seeds per l)oll is negatively correlated with s(»ed 
index, with lint indc^x, and with lilier length. The fact that fewe'r 
seeds per boll resulted in heavier seeds with more abundant and 
longer lint indicates that a nutritional factor is involved. Assuming 
that a definite quantity of plant food is furnished e^ach boll, it is a 
logical assumption that a few seeds utilizing this food would grow 
larger and produce more and longer lint than if the same amount of 
food were utilized by a larger number of seeds. 


TabIiE 1.- Within seasom'* value of the correlation coffficunts of characters 
determined on HOO hoUs of cotton grown on Aeala plants in 1984 am/ in 1986 as a 
result of cross-pollinations A X P, A X -1, and A < H 
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(Miaraclcr and iMipiilfltKin 


Sepdfl |K«r boll 
Ai om* array 
A X P 
A X A 
A XH- 
Smd index 
As one array 
A X P 
AX A 
A X H 
Lint index 

As on* array 
A X P 
AX A 
A X H 
Fiber length 
As one* array 
A X P 
A X A 
A X H 


Sw’d ind(*\ 

Lint iiidfx 

FllXT 

l(>nKtli 

Boll IHTlod 

Mil 

-0 .<4% 
- 2424 
> 4345 
~ 204t> 

-0 3223 

- 3055 

- .1554 

- 3377 

-0 (MXll 
-i- 0680 
+ 117.'. 
- 05(0 


+ 3741 
+ 5356 
- 0088 
+ 3445 

+ 5481 
f 7117 
4- 31X18 
+ ,'1210 

- I54H 

- 2771 
“ 22(X) 
-.0820 



+ J834 
+ 4243 
-1- OTtM 
-.0257 

4- 10(»7 
+ 0374 
4- 1173 
4- 1195 


... 

1 

- 1745 

- 2397 

- I34H 
-. 1670 


1 In **As one array/' where AT^SOO, r should bt> ^0 148 at 01, in the indi\idual cross-pollinationh, 
where JV«>100, r bhonld bo :lr0.2M at (8), N«>number of obsivvationfc 


The correlation coefficients of seed index with lint index show that, 
mth'ihe exception of cross-pollination A X A, heavy seeds are asso¬ 
ciated with abundant fiber. Ail three* cross-pollinations produced 
longOT fiber on heavier seeds than on light s(*eds. The negative cor- ‘ 
relation of seed index with boll period in cross-pollination A X P 
and A X A shows that as a rule heavier seeds mature faster than 
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lig:hter ones. Tfio lack of (•orr(*lation of sood indox with lint index in 
cross-pollination A X A and the existence of a corndation ol seed 
index with boll period when there was no comdation of number of 
sei'ds p(T boll with boll period indicate that het<‘n)sis is also involved. 
The h(‘avy seeds in cross-pollinations A >< P and A X H are appar¬ 
ently larjyer and have a more ext(‘nsive surface from which to develop 
fibei’s The lack of correlation of seed index >\ith boll period in the 
mat (‘rial from cross-pollination A X H, although such a corndatioii 
r(‘sult('d in crohs-pollinations A X P and A X A, d(‘monstrat(‘S the 
difficulty of s(‘j;r(‘|;ating: the elects of hetc'rosis from those of nutrition. 

As Pope ti, PV- 'I'H 7-^7) has slumn a relatively uniform weight 
p(‘r unit l(‘ngth of fib(‘r in the Acala group, the increas(‘d weight of 
fibers on the lieavy seeds might be due in part to thi‘ increased li'iigth. 
IIowt‘ver, only cross-pollination A X P showc'd a significant positive 
corndation of lint ind(‘\ w'ith fiber length. 

In the thr(‘(‘ populations as one array, the* nc'gative corndation of 
liber Ic'ngth wdth boll period shows that the factors that promote the 
developiiu'Tit of long fibei-s tend to hasten maturity, adding another 
indication that nutrition is a factor involved in thi‘8e results. 

The use of inbred strains of cotton to eliminate significant variation 
among plant m(‘ans w^as only partly succi'ssfnl Table 2 shows that 
for (‘ach of th(‘ five charact(‘i*s the differencc‘s between means of the 
|)istillate plants r(H‘eiving all eiDss-pollinations ranged from zeni to a 
maximum great(‘r than tin* maximum difference bet\^c‘en th(‘ means 
of th(‘ populations r(‘C<‘iving the several cross-pollinations. A record 
of the staminate par(‘nts was made in 1930. There was no significant 
diff(‘r(‘nee in number of s('(‘ds per boll among means of staminate 
plants furnishing pollen for any of the thr(‘(‘ cross-pollinations. In 
vi(‘W' of the highly significant correlation of this eharact(‘r with seed 
ind(‘\, wdth lint ind(‘X, and with fiber length, it w^as assumed that a 
uniform supply of polh'ii had b(M‘n used for each cross-pollination. 
The small numb('rof staminate plants involved, five of Pima, four of 
Acala, and tw’o of Ilopi, undoubtedly r(‘duced the opportunity for 
wide variation among tludr means. 


Table 2 —Range of differencen amt atHtagt of difftrencin among mtana of rroM- 
poUinalioMtt bet wan means of seasons, among mtuns of day of ant hi sis within 
seasons, and among means oj pistiUate plants within seasons for each of the 5 
charade/H deter///irud on 300 ht/lls of ct/tton produced by Acala plants in 1934 ond 
in 1936 as a result of pollination mth Pima, Acala, and Hopi pollens 


Moans f uiiipam) 


P. I Smtrli fu«r luill 



htHHl indox 


I 


('harador 


I int mdox 


Upiior quardlo 
floor Ions'! Ii 



Boll fX'riod 



('ross imllination 
Soaaons . 

Dav of anthosis 
1934 

Pistillato plants 
• 193( 

IftlA 


105 

10.5 


2 . 51-3 77 


11 5 
7 7 


1 - 7 I 
0 -10 Hi 


3 HU 
2 Itt 


4 (i9 
2 21 


0 11-1 00 


01 2 00 
01 2 14 


2 55'0 -2 2 
2 47,0 -1 I 


,0 71, 
77 


1 00 
(lO 


0 05 0 31 


|0 22 
24 


720 
42 0 
I 


I 
1 


1 2 
0 


0 00.H> 01b 


0 ' 1.10 

0 - m 


3210 - 06») 

30'0 - 02H 


0 on 

04b| 


023 


021 

012 | 


0 22-0 05 


HHi 70 
0 lb 0 


- .5 9 
12 . 5 | 


3 23 


2 05 
(I 30 


1 70 
3 43 
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EFFECTS OF CROSS-POLLINATIONS 

In the compariaon of means of crosa-pollinatlons shown in table 3, 
the differences between cross-pollinations A X P and A X A are 
significant in respect to all five charact(‘rs. The use of Pima pollen 
on Acaia plants, in comparison with the use of Acala pollen on the 
same plants, reduced the number of seeds per boll, increased the 
weight of the seeds, increased the amount of lint on the seeds, length- 
emnl the fibers, and renjuired a loug(‘r time to mature the l)olls. 

Hopi pollen, as shown in the comparison of cross-pollinations A X H 
and A X A, increased significantly tl.e number of seeds per boll and 
the fiber length. The differenct's between means of seed index, lint 
index, and boll period were not significant. The increased fiber 
length in cn>sa-pollination A V H was the reverse of the results 
obtained by Harrison (2). As he used the same strain of Hopi as 
that used in the experiments r<‘porte<l in this pap(‘r, the consistent 
increase in length obtained in 1934, lOS.*}, and 1936 was unexp(>cted. 
This apparent reversal of th<‘ effects of Hopi pollen on fiber length will 
be discussed further in the section on effects of specific pistillate plants. 

When cniss-pollinations A X P and A X H are comparc'd, sig¬ 
nificant differences between means of all characters e.\c«'pt fiber 
length are shown. Cross-pollination A X P yii'lded fewer si*eds per 
boll than cross-pollination A X H and gave larger nn'aiH for se<‘d 
index, lint index, and boll period 



TablA 3. —Comparison of the meatis * of rtO'***-poUtnations Jot path of tht five cha*ccter^ determined on 100 bolls of cotton of each of the three 

cross-pollinations, P, -4 -I, and ^ //. groun in 193i and 1936 
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FACTORS THAT MODIFY THE IMMEDIATE EFFECTS OF POLLEN 

VARIATIONS IN SEASONAL CONDITIONS FROM YEAR TO YEAR 

Tabl<‘ 2 shows that the difference between the means of seasons in 
number of seeds per boll is smaller than the minimum difference 
between means of cross-pollinations. In seed index and in lint iiuh^x 
the difference^ between means of seasons approxiniates the averaj^e 
of the three differences among means of cn>ss-pollinations. In fiber 
length and in boll period the difference betweeui mc'ans of seasons is 
approximately three times the maximum diffcTence between means 
of cross-pollinations. 

The influence of season in modifying or changing the effects of 
different polhuis is best illustrated in seecl ind(‘x, when* cross-pollina¬ 
tion and season interaction exists (see table 4). The difference of 0.77 
gm. betw e(*n means of seasons shown in table 2 represc'iits an increase 
in 193b equal to b.7 percent of the 1934 mean of all cross-pollinations 
as one array. The increase in cross-pollination A >< P w as 3.8 percent 
of its 1934 mean, that in cross-pollination A X A w'as 10.4 percent 
of its 1934 mean, and that in cross-pollination A X II was 0 2 percent 
of its 1934 mean. By extending these experiments o\er two seasons, 
the magnitude of the differences among mc'ans of cross-pollinations 
in seed index is smallcT than would have been the case if only the 
results of 1934 had been used. 

Table 4 —Level of Significance of dtfferenceh ammg meanh of factors affecting hftU 
characters of cotton as shown by analyses of variance of 100 holh each of crosff 
pollinations grown in t9S4 and in 19S6 (group /!)» and of 1ft boUi of each of 3 
cross-pollinaiioni, 3 balls of ea(h trohs^pollination with J9f with SOf noth 31 f with 
32, and with 35 seeds per boU, grown in 1936 (group H) 

hdrutir 


Boll ]H nod 


(1 01 
^ 01 
< 01 
' 05 
05 

05 
05 
05 01 

> 05 
'> 05 

05 

' 0.5 
> 05 

05 


VARIATIONS IN WEATHER OR OTHER CONDITIONS ON OR NEAR THE DAY OF 

ANTHESIS 

The average and maximum differences among means of day of 
antheais, shown in tabic 2, seem large when the short periods of time, 
during which pollinations were made are considered. In all five 


Ttt'ms 


Oniu|) A 


L rosv|)ollinations 
S<>asnn^ 

Dbv of anthpsis 

PistillaU' plants 

BnllH with many and few sopd^t 

Interactions 

t'ross-pollinations—seasons 
rross-pollinations—day »f antiu^sis 
C'nihvpollinations—pistillate plants 
Truss pollinations—many and few 
seeds 

Srasons many and few heeds 
(''ross iwllinatfons—seasons—many 
and few seeds 

Qrom> B 

Tross-iiollmations 
Seeds per boll 
Interaction 

Tross-pollinations -seeds per boll 


I)ilT4*n>n(;es amonK nuans of factors utftctnie c 
induAtc d 


— 

— — 

— 

- — 

NumbiT 
of seeds 

heed indi \ 

Lint Hide \ 

(Tpiier 

quartiU 

fllMT llIIRth 

0 01 

xO 01 

0 01 

*0 05 

V 01 

• 01 

01 

^ 05 

^ 01 

01 

01 

' 01 

05 

0 05- 01 

0 05 01 

05 

V 01 

- 01 

01 

^ 01 

05 

< 01 

* 05 

05 

X 01 

< 01 

* 05 

05 

> 05 

< 01 

^ 05 

05 01 

<01 

05 

05 

05 

01 

X 01 

> 05 

X 01 

01 

<L 01 

> 05 



> 05 

N 05 

05 


> 05 

05 

^ 05 


> 05 

> 05 

> 05 
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oharactors the maximiim differoiire betw(»eii moans of day of antliosis 
in each season was larger than the maximum differenee between means 
of eross-pollinations. Some weather phenomena of the day of an- 
th(»sis, or of the days prc'(‘(‘ding or following it, -are presumed* to have 
<*ontributed to these effects; or there may have been a cumulative 
<‘fr(»ct of som(‘ phenomena opiTating over a period of several day® 
pr(‘ceding, or possibly following, the day of anthesis. rnsuccessful 
attempts were made to correlate the number of steeds per boll with 
maximiim, with niinimuni, and with average tempi'ratures, and with 
the average relative humidity percentage of the dav of anthesis. 
There was a slight indication that number of seeds per boll and evapora¬ 
tion fmm an open tank 5 days after anthesis might be negatively 
correlated, but the value of r was far fmm significant. A study of 
the av('rag(‘ yields of Am(*rican-Egyptian cotton in Arizona show(‘d 
a negative conviation of yields with July and August (‘vaporation 
from an open tank at SacatiOn (/). 

The importance of th(‘ effecls of day of anthesis on nuinlxT of seeds 
p(»r boll in this study can be illustrated by exaiiijdes of cross-pollina¬ 
tion and dav of anthesis interaction, or the differential response of 
tlu‘ thr(*e polldis to the conditions of the day, or of days near the day, 
on which the crosses wen* made. On days 4‘and 5 in 1934 (August 
18 and 21) tlu* mean nunibei*s of seeds per boll were 23.0 and 29.6 re¬ 
spectively, a difren*nce of 6,6 seeds. This difference of 6.6 seeds per 
boll was due to the fact that cross-pollination A X P yielded on the 
average 13.2 more* seeds jier boll on day 5 than on day 4; cross- 
jiollination A >' A responded with an average of 11.6 more seeds per 
noli; but cross-pollination A X H gave an increase of only 1.6 seeds 
p(*r boll. Thus, although the conditions on day 5, in comparison 
w'ith day 4, were advantag(*ous to all three kinds of pollen, cniss- 
pollinations A X P and A X A responded to a much greater extent 
than cniss-pollination A v H. If conditions similar to those of 
day 5 had existed throughout the entire pollination p(*riod, the means 
for the several cross-nollinatioTis at the end of the season would have 
been greatly changed. In 1936 the mean numbers of seeds per boll 
on (lays 14 and 15 (August 22 and 23) were 32.2 and 28.2 respectively, 
an average difference of 4.0 sc'eds per boll, ('’loss-pollination A X P 
gavi* an average of 5.4 fewer secHls on day 15 than on day 14, and 
cross-pollhiation A V A showed an avc*rage decrease of 7.7 s(*(*ds per 
boll; hut cross-pollination A X H av(*raged 1.0 seeci mon* per boll 
on day 15 than on day 14. If the conditions that (*xisted on day 15 
in 1936 had pr(*dominated thmughout the entire pollination period, 
cross-pollinations A X H would have had a dc'cided advantage over 
cross-pollinations A X P and A X A in number of seeds per boll. 

The eff(*ct of day of anthesis on seed index showH'd day 5 in 1934 
with a decrease in seed index from day 4 of 0.43 gm. for cioss-pollina- 
tion A X A, of 1.57 gm. for cross-pollination A X H, and of 3.58 gm. 
for cross-pollination A X P. In 1936 day 15 showed an increase in 
seed ind(*x over day 14, cross-pollination A X H increasing only 0.10 
gm., and cross-pollination A X P only 0.15 gm., hut the mean seed 
index of cross-pollination A X A was increased by 1.37 gm. Cross- 
pollination aim day of anthc'sis interaction is not significant in the 
|;hr(*e remaining characters. 
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VARIATIOK AMUNQ PLANTS USED AS PISTILLATE PARENTS 

Difforeiicos among tho moans of pistillato plants woro abovo tho 
5 porcont lovol of signifiranco in fibor longth and in boll period, and 
on the 5-porcont or between the 5-percpiit and 1-percent level in 
number of seeds per boll, in seed iinfex, and in lint index (table 4). 
However, the differences in fiber length among the means of pistillate 
plants ])rovide8 an explanation of the unexpected lengthc'iiing effects 
of cross-pollination A X H in this character and will Tw used to illus- 
trati' these effeets. 

Two plants of each season were seh'cted at ramlom for tliis purpose, 
Thm' an' plants 5 and 9 of 1984 and plants 7 and 8 of 193t). In 
1934 the average upper quartilc fiber lengths of plants 5 and 9 wi're 
0.98 and 1.00 inch rmpectively, plant 9 having bolls with fiber 0.02 
inch longer than plant 5. ('mss-pollinations A X A and A y H 
both ^ave fibers averaging 0.01 inch longer on plant 9 than on plant 
5. while fibers of cmss-iiollinalion A X P were 0.06 inch longer on 
plant 9. In 1936 there was no difference betw(*en the means of 
plants 7 and 8 for Iwlls of cross-pollinations A X A and A X 11, tin' 
small diffi'n'iice of cioss-pollination A X 1* being only 0.002 inch in 
favor of plant 7. 

An examination of plant nu'ans of the 1934 material showed that 1 
plant did not pniduee holls of iMith eioss-pollinations A X A ainl 
A X 11, and of the ri'inaining 14 plants, .> had means of eioss-pollina- 
tion A X II smaller than thosi' of cross-pollination A / A In 
1936, 2 of the ])istillate plants did not have bolls of Ixith of tlu'se 
cross-pollinations, 1 plant hud the same mean for both, 6 plants hud 
means of cross-pollination A v A exceeding those' of cross-pollina¬ 
tion A X 11, and there' W’e're 6 plants in w'hich cnmH-pollinutie)n A s' H 
e'xce'e'deel e'ross-pollination A > A in fiber length. The* eliffe'rence's on 
the 6 plants where the fibers of cn)ss-pe)llinatie>n A X 11 we're* leinger 
than those eif cross-pollination A v A were* large eneeugh 1e) iiuisk 
entire'ly the* e'ffeets show'll ein the othe*r 6 plants w'he*re* the* eliffe*re*nces 
were reverse'd. 

De*signating llurrisein’s (^) eross-poilinatiem Durango y Durango 
ns D X D, anel his eross-pollination Durango X Hopi as 1) y II 
where* he' usee! 25 Durango plants as pistillate's in 1929, an e'xamina- 
tion of his original recorels shows that 13 of the 25 plants gave means 
for fibe*r length that w'e*re higher in D X II than in D X D. The*8e* 
include 50 of tho D X H holls, with a mean of 4.90 grade's, anel 52 
of the D X D bolls, with a mean of 4.78 grade's. The* difference of 
0.12 grade is equivalent to a lengthening efre*ct eif Hopi peillen of 
0.015 inch. On the other 12 pistillate plants the 50 D X H bolls 
had a mean fibe'r length of 4.36 grade's and the 48 1) X D bolls a 
mean of 4.84 grades. The eliflference of 0.48 grade, or 0,06 inch, was. 
sufficiently large* to mask the lei^hening e*flfeet of the* Hopi pollen 
exhibited by the other 13 plants. 

l^ressli'y (6, pp. 27S-27S) also elemoiistrate'il an influence of indi¬ 
vidual differences in pistillate plants upon the effe*e*ts of different 
pollens, his unit of comparison being a pair of se'eels from near the 
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ronlor of a look, oiio solfod tho other a hybrid.® Thus his solfod and 
hybrid seeds had a maximum of uniform eonditions for {in^)Wth and 
d(*velopmenl In his eomparison of Pima selfetl with I^ma-Red 
Aoala hybrids, the mean fiber hmgtli of the* selfed seeds on plant 7 
was 9/128 inch Ioniser than thost* on plant 2, while tho hybrid seeds 
of these pairs averaged 10/128 inoh lunger on plant 7 than on plant 2. 

These (‘xamph's of the «‘ffect8 of differenora in individual pistillate 
plants as to fiber length show that effects of the pollen used may be 
modified or completely reversed by the selection of the pistillate 
plants used in the expcTunent. 

VARMTION IN CONDITIONS 4PPECT.NG NUTMTION 

The correlations existing in the material used in these experiments, 
especially thost* of number of seeils per boll with seed index, with 
lint index, and with fiber length, indicate that nutiition was a factor 
affecting the (‘xpn'ssion of tluse characters. In 1929 Kearney (S) 
rejiorti'd that the removal of the involucre of Pima cotton at the 
time of anthesis caused a marked reduction in the size and weight 
of the boll, in the wi'ight of seeds, and in lh(> abundance of lint. 
When the involucre was removed about 12 days before anthesis, the 
same was true and there was also a reduction in the number of si'eds 
in the boll, presumably due to the undernutrition and ri*sulting steril¬ 
ity of some of the ovules. In order to obtain the significant differ¬ 
ences that Kearney found, it must be assumed that the Pima cotton 
plant furnishes food to the individual boll within a limited range; 
otherwise the eff(*ct of removing the involucre from the bolls would 
have Ix'cn inaskiul by the bolls receiving additional food from the 
unlimited central supply of the plant. 

In tabl(‘ 5 th(> 1984 and 1986 material has been regroupi'd into 
classes of bolls with “many seeds’’ and with “few seeds." Table 6 
givw tin* range of the number of seeds in each of these tw’o clas.ses. 
When tin* material from the three cross-pollinations is taken as one 
array, highly significant differences are showm between the means 
of bolls with relatively few' and relatively many seeds inthecharacters, 
seed index, lint iinlex% and fiber length. In cross-pollinations A v P 
and A X A significant differences between means for bolls with few' 
and w'ith many s(‘eds are shown only in seed indi'x and in fiber length. 
In cross-pollination A X H the only significant difference was in seed 
indi'X. T1u*8(* data clearly show that a reilnction in the numb(>r of 
sei'ds per boll n'sults in heavier seeds that have* longer and possibly 
more abundant lint. Porter (5), working with 10 varii'tira or strains 
of upland cotton gmwn at (ireenville, Tex., in the years 1981, 1932, 
and 1938, found that numbi'r of seeds p(*r lock was negatively cor¬ 
related with fiber length. This is another illustration of a reduc¬ 
tion in numh(>r of seeds resulting in longer lint. 

* Vrpsbloy appliod pollpn of 2 \ anl‘tu^ of cotton to the stigmas of his pistillate plants From tho rosulting 
bollb ho worked up (fata on a largo iiumhor of pairs of fiO(*ds, each pair from near tbi® iviitor of an individual 
lock. Tho next scaaon theae a^s were grown to dotormino their male panmtage. and only data from 
thoBP palrx that consisted of l s(df-rortili»>d soihI and l oroxx-iiollinatf^ simkI w'ore used in n»portmg 
his oxponmont 
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Table 5. —Companson of the means ^ of holU mth **f€w** seeds and of bolls ivvth 
**many** seeds for each of the 5 characters deiet mined on the 100 hoUs of each cros^ 
poUination groun on Acala plants in 19S4 and I9S6 


Means compared 

Bolls 

Seeds per 
boll 

Seed 

index 

Lint 

index 

UpiKT (luartile 
fiber length | 

Boll 

period 

All (T()88-iH>llinat ions com 


Number 





bined 

Number 

Grams 

Orams 

Inches 

/Aiyi 

Bolls with few seedb 

154 

24 5 

12 66 

6 

1 035 

57 4 

Bolls with manv sot*ds 

146 

32 8 

11 54 

6 39 

1 009 

580 

Diffcnmct 


-8 8± 41 

1 12± 123 

20± 071 

02i>^ 0057 

- 6±0 1 

t 


20 24 

8 96 

282 

4 56 

1 00 

Cross pollmation AXP 







Bolls with few seeds 

54 

21 1 

13 46 

6 79 

1 041 

57 5 

Bolls with many seeds 

46 

30 8 

11 96 

6 W 

1 OH 

59 1 

Differenrc* 


-9 7± 72 

1 50d: 217 

20dr 123 

028d; 0098 

~l 6:±:1 ( 

f 


13 47 

b 91 

1 63 

2 86 

1 54 

Cniss-iKillination A X A 







Bolls w 11 h few seeds 

47 

24 4 

12 39 

6 42 

1 028 

57 0 

Bolls with manv seeds 

58 

32 7 

11 35 

6 31 

1 000 

58 1 

Differenre 


-8 72 

1 Qi± 217 

1\± 123 

02Kd= 0098 

-1 1±1 ( 

t 


11 53 

4 79 

89 

286 

1 06 

Crobs-iKillination AXH 







Bolls with few seeds 

5t 

28 1 

12 08 

6 52 

1 035 

57 7 

Bolls with many seeds 

47 

34 9 

11 34 

6 28 

1 015 

569 

Differeiiei 


-6 H-t 72 

74± 217 

24± 123 

020dr (NI98 

H±\ ( 

t 


9 44 

3 41 

.8, 

20 4 

77 


> See Wiillaoe and Sn«d(>cor (8, pp bi-63) fur a table oft value s 


Table b -Range in numhtr of seids per boll in classification given 

in labU 5 


Cross pollination 


Bolls pnxluced in 
1M4 mth— 


Bolls produced in 
10i6 with 


lew seeds 


Manv seeds 


Fewr seeds 


Mans seeds 


AXP 
AX A 
AXH 


9-23 

14 

4 


24 Mi 
29-40 
32 42 


13 28 
IG 30 
It 32 


29'42 
31 ih 
18 


If the immediate effect of different polleim were determined by 
nutrition alone, and if eatdi eross-pollination were represented by an 
equal number of bolls, all having flie same number of steeds per boll, 
there would be no differences among means of crosb-pollinatioiib. In 
the 1934 material the frequency distribution of number of sec'ds per 
boll was so irreralar that 2 was the maximum number of bolls 
that would equally represent all three cross-pollinatioiib, and that 
was available in onljr the class of 29 seeds per boll In the 1936 
material it was possible to select 3 bolls of each cross-pollination 
in each of 6 classes, those of 29, 30, 31, 32, and 35 seeds per boll. 
The means of these 16 bolls from each cross-pollination are com¬ 
pared in table 7. There are no significant differences among means 
of cross-pollinations in any of the 4 characters, although the differ¬ 
ence between tlie moan lint index of cross-pollinations A X H and 
A X A approi^hes significance. Although the populations are small 
in the comparisons presented in table 7, the effects of seasons and of 
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nuinbor of seeds per boll have been eliminated by selection of ma¬ 
terial. ^ If it were possible to eliminate also the efh'ots of day of 
anthesis and of variations among individual pistillate plants/ the 
importance of nutrition in modifying effects of-different pollens might 
be more clearly seen. 


Table 7. —Comparison of means ^ of 15 bolls of each cross-poUination^ S bolls of 
each with 29, with SO, with 31, with 32, and with 36 setdh per boll, for the \ 
remaining characters determined on bolls grown in 1936 


('’ross-pollioation 

Seed index 

Lint index 

Upiier qiiartile 
fllier leuKth 

Boll period 

A X P 

A X A 

Oramt 

12 51 

12 2tt 

Oramt 

U 71 

0 30 

Inches 

1 039 

1 033 

Daifs 

59 5 

59 5 

ifferenre 

22± 267 
82 

4l± 228 

1 80 

006=1: 0133 

45 

0±2 25 

A XH 

A X A 

12 23 

12 29 

6 77 

6 30 

1 040 

1 03.1 

58 5 

59 5 

iffprence 

- 06db 257 
22 

47± 228 
206 

007db 0^3 
53 

> 9±2 25 
40 

A X P 

12 51 

’~'hTl 

” rii39 

59 5 

AXH 

12 23 

6 77 

1 040 

58 6 

ifTerencc 

28:^ 267 

1 0^ 

- 06d: 22S 
26 

- m± 01 n 
01 

^±2 25 
10 


> S«e WallMre and Snedecor (S, pp St 09) for a table of t values 


The differences between the means of cross-pollinations A X P 
and A y A, and a study of the correlations existing among the char- 
act(*rs in each of these* cross-pollinations, indicate that nutrition, as 
detennined by a differential in ability of the two pollens to effect 
fertilization of the ovules, is a pidmary factor in determining the 
immediate effect of pollen. There is a possibility that physical cn)wd- 
ing, inst(*ad of nutrition, may be the primary effect of number of 
se(*ds per boll. However, the correlations existing in cross-pollina¬ 
tion A X H and a comparison of the differences between the means of 
A X H and A X A with the differences between the* means of A X P 
and A X A indicate that nutrition exerts a greater influence than 
physical crowding. When the means of cross-pollination A X IT 
are compared with those of cniss-pollinations A V A or A X P, 
the presence of factors other than nutrition becomes evident. The 
effects of seasons, of day of anthesis, of individual pistillate plants, 
and of nutrition are all int(*nningled in tludr modification of immediate 
effects of poll(*n, so that it is impossible to rank them in the order of 
their importance. 

SUMMARY 

Strains of cotton inbred from 11 to 20 years or more were used to 
test the immediate effects of pollen on boll characters. Emasculated 
flowers of Acala cotton were pollinated ^ith (1) Pima pollen, (2) 
Acala pollen, and (3) Hopi pollen, the Acala pollen having been 
taken from plants of the same inbred strain that comprised the pistil¬ 
late plants receiving all three cross-pollinations. Significant differ- 
•ences among means for the several cross-pollinations were obtairu*d 
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in number of seeds per boll, in seed index, in lint index, in fiber length, 
and in boll-maturation period. 

It is shown that effects upon the expression of these charaetej'S by 
differences between (1) different years, (2) different days of unthesis 
in th(^ same year, and (3) different individual plants used as pistillate 
parc'nts are so great as conceivably to mask coinplet«*ly the effeets, 
if any, of different pollens. The difference betw(*en means for dif¬ 
ferent y(‘ars approximated the average diff(*renec* bc^tween means for 
thc» 8(‘veral cross-pollinations in all characters (wcept number of seeds 
per boll. In this character the difference, although highly significant, 
was smalhT than the minimum difference betwec^n nieaTia of ci*oss- 
pollinations. In both seasons the maximum diflerence among means 
for successive days of anthesis and among means for each of the 
individual pistillate plants ('X(‘eede(j th(‘ maximum diffenmee among 
means of the several cross-pollinations. 

All assumed nutritional factor was shown to affect the expression of 
seed index, of fiber hmgth, and probably of lint index. This suggests 
that a difference among the s(‘veral pollens in ability to f<»rtilize a 
high percentage of the ovules was another factor that determines the 
eflVcts of eross-pollinations. 

The influence of tluw various factors, and undoubh^dly of otliers 
not covered by this study, are so intermingled that it is impossibh^ 
to rank them in the ord(*r of their importance. 
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CHLORATE TOXICITY AND PERSISTENCE IN RELATION 
TO SOIL REACTION ‘ 

By Annie M. l]rRD-K\RKER 

AsHoctntc phymlogint, Dimsion of Cereal Crops and Diseases, Bureau of Plant 
Industry, Cnited Stales Department of Agriculture 

INTRODUCTION 

Thoro is ('vid<*iic(‘ from viirious sources of lesser toxicity of chlorate 
in alkaline solutions. Thus (MfonI and dT’rbal (17Y reported that 
sodium chlorate was more toxic to Nitdhi in acid solutions than in 
neutral or alkaline ones. They used as their criterion of toxicity the 
time re(|uired for the outward diffusion of.')() percent of the vacuolar 
chloride, and found it to he correlated with the pH value of the solu¬ 
tion. At pH 4.S, the time re<|uired 'aas .‘18 hours; at pH fl.2, 5(i hours; 
at pH SI hours; at pH (5.t), S7 hours; at pH 7.4, 120 hours; and ai 
pH S.2, \2!i hours. In agreement with this relation, Yamasaki {iO) 
found that potassium chlorate was most injurious to wheat and rice 
seedlings in solutions made acid and least injurious in those made 
alkaliiK*. Hulhert, Bristol, and Benjamin (10) discovered that 
sodium chlonite wilted cut plants most rapidly in acid solutions (pH 
15.0 or helow), but they were unable to show with certainty that the 
to.xieity of chlorate sprays was enhancesi by aiddification. Ilowc'vcr, 
other field tests (}, 7,10) have proved that chlorate sjmjvs are most 
effective as herhieides when made slightly acid. And finally (Jrau (.9) 
found that the application of lime to soil retarded the killing action of 
chlorate and apparently somewhat increased the length of time the 
chlorate was effective. 

The purpose of the present investigations was to determine the 
importance of soil reaction, first as a factor in the effectiveness of 
sodium chlorate added to the soil for w’ced control, and secondly as a 
factor in the persistenc(' of tin* chlorat<* in treated soils. 


MATERIAL AND METHODS 

Water-culture (>xpcriments were carried out with seedlings of soy¬ 
bean (Palmetto), sunflower, and barley (Uannehen) grown in acid, 
neutral, and alkaline solutions containing magnesium sulfate, 
calcium nitrate, ferric citrate, and mono-, di-, and tribasic notassium 
phosphate in such proportions as to buffer the solutions at the desin'd 
reactions. Acidity was checked colorimetrically (‘very <hfy or every 
other day, and in* the first experiments was maintained by freciuent 
change of solutions. Ijater the n*nction of the acid (Cultures was 
adjust(‘d as nec.essary by adding a little phosphoric acid, and that 
of the alkaline ones ny adding sodium hydroxide or a small amount 
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of saturated sodium bicarbonate solution. Nitrogen concentrations 
were relatively low, 37 p. p. m., thus enhancing the toxicity of the 
chlorate (8, IS). 

The seedlings were germinated in quartz sand and transferred to 
the nutrient solutions when about 6 cm. high. Relative degrees of 
injury were estimated from leaf symptoms and from degrees of 
stunting. 

Soil experiments with com (Zea mays), sorgo (Sorghum vulgare), 
millet (Setaria Haliea), soybean (Soja max), simflower (Helianthus 
annnus), and barley (iforaevm rulgare) were carried out with a com- 

E osted Keyport clay loam. The greenhouse benches were divided 
y means of board partitions into plots about 3 fe(‘t square (surface 
area 10 square feet) each of which contained about 400 pounds of soil 
(325 pounds on an oven-diy basis). Some of the plots were made 
dkaline (pH 7.5-8.0) by the addition of slaked lime at a rate of 1, or 
in some experiments, 2 pounds, per plot. Others were acidified to 
near pH 5.2 with about 400 cc. of sulfuric acid, much diluted and 
sprinmed on the soil with a watering can. Others were left at the 
natural reaction, always approximately neutral. After the lime or 
sulfuric acid was thoroughly mixed with the entir(> muss of soil, sodium 
chlorate in solution was similarly well mixed into half of the plots of 
each reaction, the rest being left as controls. Fifteen grams of chlo¬ 
rate were added to each plot except in the case of the experiment with 
sunflower in table 3, where the quantity was half as much. By 
measuring the water applications througliout the experiments, soil 
moisture was kept fairly uniform and leaching avoided. 

The acidity of the soil was determined at the beginning and end of 
each experiment. Approximately 100 gm. of soil were shaken with 
100 cc. of water in a wide-mouthed bottle and allowed to settle over¬ 
night, or until the supernatant extract was clear. Wlieii the soil was 
unusually wet, the amount of water was reduced to 90, or in extreme 
cast's, to 80 cc., so that the ratio of water to weight of soil was always 
approximately 1 to 1. Five-cubic-cenlim«*ter samples were carefully 
pipetted from the clear water layer for colorimetric determination of 
pH by means of the Taylor slide comparator. 

To obtain plants as uniform in size as possihh*, extra seeds were 
sown and the smaller seedlings discarded soon after germination. 
The same number of plants of a given crop was always left in each 
row of the plots to be compared. 

In order to correct for difference in size that m^ht be caused by 
difference in the soil rea(|tion, degree of chlorate injury are indicated 
in the tables by the magnitude of the so-calh'd growth percentage, i. e., 
the average green weight of the tops of an entire culture or plot ex¬ 
pressed as a percentage of the corresponding weight for control plants 
in a corresponding culture or plot without emora U‘. Relative amoimts 
of injury were also apparent from the degree of leaf discoloration, for 
chlorosis and, with severe injury, necrosis were most severe on the 
smaller, more stunted plants. Wlierever growth percentages were near 
100, indicating normal size, leaf color was also normal. Absolute 
weights of the control plants are given in the columns to the right in 
each table in order to show the effect of the soil reaction itself. The 
recording of these weights also makes possibh* calculation of the abso¬ 
lute weights of the chlorate-injured plants. 
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RESULTS 

CHLORATE TOXICITY IN RELATION TO ACIDITY 

Symptoms of iiiju^ by chlorate were distinct and easily recognized 
on all tlH‘ cn)ps. Chlorosis, with brown spots that ofltm bc'came 
necrotic, was characteristic, and the lower leaves died. On barley 
there was a grayish withering of the leaf tips, extending eventually, 
in severe injury, to the entire leaf. In water cultures these symptoms 
appeared most <|uickly if the plants wen' allowed to develop a good 
root system before being transferred to solutions containing chlorate; 
so the procedure was adopted of allowing them to grow for a week, 
after germination in sand, in a solution having a favorable, approxi¬ 
mately neutral reaction. Control plants grown without chlorate 
always prevented confusion of symptoms due to chlorate with those 
du(' to an unfavorable rea(*lion of the solution. 

The controls showed that nc'ar-neiitral and alkaline' solutions were 
most favorable for growth of soybean and sunllower, respectively, 
acidity as high as pH 5.0 being highly injurious. Barley grew quite' 
uniformly in all the solutions, tole'rating aciditie's as high as pll 5.0 
much bette'r than e'ithe'r soylx'an or sunflower. Some chlon)sis from 
imn de'ficieney oeruiTe'd occasionally in alkaline solutions, but it was 
ne)t se'rious in the* 2-week period of the e'xperiments. 

Several preliminary e'xpe'rime'iits with wheat showe'el no e'flect of 
the se)lution re'action on chlorate toxiedty. But subse'cpie'ut trials 
with soybeans greiwn under similar conditions showed definitely that 
the h'af syinpteims produce»d by 25 p. p. m. of sodium chlorate were 
most seve're whe're the nutrient solution was below pH 6.0, Ic'ss severe 
where it was between pH 6.0 and 7.0, and slight or absent between pH 
7 2 and 8.3. Sunflower also proveci to b(' most severely iniun'd by 
chlorate in the acid solution. Because of the poor growth of the 
contix)! plants in the more acid solutions, subseqiu'nt tests were 
carried out with barley, wdiich gi’ew well over a wrider range of reactions. 

For the first of the experiments with barley, st'edlings gi*own for a 
w^eek in a near-neutral solution to develop unifonn root systems w'erc' 
transferred to solutions containing 0, 10, 20, 40, and 50 p. p. m. of 
chlorate, respectively. Each series was replicated at acid (pH 5.1 
(5.2), neutral (pH 6.8 6.9), and alkaline (pH 9.1-8.3) reactions After 
3 days there wi'rc distinct symptoms of chlorate injury in the acid and 
near-neutral solutions at all chlorate coiUTiitrations except the lowest, 
10 p. p. m. In the alkaline .solution no symptoms were detectable 
at this tim(' at any chlorate concentration except the highest, 50 
p. p. m. Two days later, injury had appeared here with 40 and 30 
p. p. m. also, but to a much lesser degree than at these concentrations 
m the neutral and acid solutions. Tlie contrasting appearance of the 
acid and alkaline series after 7 days is illustrated m figure 1. The 
control plants for tlu* tw^o reactions (extreme left in each series) look 
alike. 

After 11 days the plants were cut, and those grown with 10 p. p. m. 
of chlorate at the acid, neutral, and alkaline reactions were photo¬ 
graphed. Figure 2, A, shows that the chlorate injured the plants in 
the acid solution severely, those in the near-neutral one moderately, 
W'hile those in the alkaline solution were apparently uninjured. 

*In another experiment the lower leaves of barley plants in the aciil 
solution (pH 5.0-5.4) began to wither 2 days after tne addition of 40 
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p. p. ni. of chlonito to tlu* culture's, h herons those in the neiitrnl niul 
alknJitie solutions evinced no ill effects Two days later, when the 
photograph shown in figure' 2, /?, was made, the lower leaves e)f the 
plants in the ne'utral solution (pH 7.0 0.0) were also w'llhe'rc'd, hut 



. 0 10 20 40 50 


Figure 1 —Barley plants after 7 days in nutrient holutions containing 0, 10, 20, 
40, and 50 p p. m of bodiuui chlorate <1, In acid Holntioiib, pH 5 1 6 2; H, in 
alkaline solutioiib, pH 9.1 8.3. 

those in the alkaline solution (pH 7.9-7.4) we're still practically unin- 
juVed, only the tips showing slight withc'ring. Growth of the control 
plants without chlorate remained good at afl three re'aedions for the 
duration of the experiments and showed that the' symptoms attributc'd 
to chlorate were not due to unfavorable acidity in any case. 



Fksure 2.-/1, Harley plants 11 days after the addition of 10 p. p. ni. of sodium 
• chlorate to: (a) Acid (pH 5.1-6.2), (6) neutral (pH 6.8-6.9), and (c) alkaline 
(pH 9.1 8.3) solutions. B, Barley plants 4 days after the addition of 40 p. p. m. 
of sodium chlorate to: (o) Acid (pH 5.0-5.4), (b) neutral (pH 7.0--6.6), and («) 
alkaline (pH 7.9-7.4) solutions. 
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Another experiment with barley was carried out similarly with 20 
p. m. of sodium chlorate in tluree solutions whose reactions ranged 
rom pH 5.2 to 5.9, 6.4 to 7.0, and 9.2 to 8.1, respectively. After 4 
days, only the* plants in the a(*id solution showed chlorate injury — 
fired leaf tips and shrivehnl lower leaves. After 6 days, injury was 
severe in the acid solution, moderate in the near*neutral solution, and 
absent in the alkaline one. After 2 weeks, when the plants were cut 
and weighed, those in the alkaline solution averages! 96.5 percent as 
large as the corresponding (‘ontrols without chlorate, as ('omparcnl 
with 80 and 66.5 percent as large in the case of the plants in the neutral 
and acid solutions, respectively. 

In the first soil experiment 3-week-old plants from duplicate plots of 
corn, soybe^an, millet, and sorgo aU showcnl least chlorate injury in alka¬ 
line soil (pH 8). Other plants cut from the plots 2 weeks later gave 
similar results for each crop except milh't, which at tliis cutting 
showed no difference betwec*n the degrees of chlorate injury in the 
limed and uniimed plots. 

The large quantitj of lime used here to produce a soil reaction of pH 
8.0 was itself injurious, as shown by the smaller size of tin' control 

f )lants. Therefore, the exiieriment was repeated with half as much 
ime (1 pound per plot), which produced a soil reaction of pH 7.5. 
Again corn, soybean, sorgo, and barley were all less injured by the 
chlorate in the limed than in the unlimed plot at both of two cuttings, 
comprising alternate plants cut after 2 and 4 weeks, resp(‘ctively. 
But in a repetition of the experiment immediately afterwards, with 
millet, sorgo, and sunflower, this effect of the lime W'as not obtained. 
Thus, while' liming generally reiidewd the chloratexl soils lc»ss toxic, 
there were unexplained exceptions. Moreov(»r, in no case >\as tin' 
tende'iicy of alkalinity to reduce the toxicity of chlorate' as prenioiince'd 
in soil as it had be'e'ii in the wate'r culture's. It should be c'lnphasize'el 
that each of the soil ('xperime*nts was begun with ne'wly e'hlorate^el soil 
in an effort to avoid complications that would e'lisiie if the rate of eh'- 
composition of the chlorate should be affe'cted by the soil re'action. 

PERSISTENCE OP CHLOIUTE TOXICITY IN REIATION TO SOIL REAI'TieiN 

It was observe'd in one e)f the e'xpe'rime'iits that barh'y plants eif a 
ce'rtain limeel plot were tallc'r anti le*ss chlorotic than those of an adja- 
ce'iit neutral plot throughout Iht'ir t'arly se'cdling stage, but that they 
lost this advantage by the time tht'y wt're cut anti weight'tl at tlie age 
of 6 weeks. Thedr initial supesriorltv r(»fleM'ted the' It'sse'r toxicity of 
chlorate in an alkaline substrate. Tlie fact that as time went on the' 
plants became incrt'asingly pe)orer than those in the neutral plot 
suggestt'd an inhibiting t'ffect e>f the soil’s alkalinity on the rate of 
dt'composititMi of the clilorate, which would act'orel with Yamasaki’s 
(20) finding that chlorates undergo reduction more easily in acid than 
in neutral or alkaline substrates. 

To test the relative rates of recovery of acid, neutral, and alkaliiu' 
fioils made toxic by sodium chlorate, some greenhouse-soil plots were 
acidified to pH 5.2 with sulfuric acid, others were made alkaline (pH 
8.0) with hydrated lime, and still others were left at the natural reac¬ 
tion, pH 6.8. Sodium chlorate was then stirred into half of them, and 
the rest left as controls without chlorate. Black Amber sorgo was 
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sown the next day. Each series of plots was duplicated in two green¬ 
houses designated A and B. 

Five successive crops of sorgo were grown in these plots without 
further treatment. The average green w(*ights of the plants of each 
of the five* crops, expressed as percentages of corresponding averages 
for control plants in soil of the same reaction without chlorate, are 
given in table 1. 

Table L— Comparative persistence of chlorate toxictty * in acid, neutral, and alkaline 
soils * ns shown oy growth percentages * fot successive crops of sorgo 


[ChluraK* ad(le<l to soil on July 24.19.19] 


Sow¬ 

ing 

No 

Period of growth 
1919-1940 

On*en- 

hoiisi* 

(Irowth nc^reentages of 
chlorateil plants at the 
following soil reactions 

Average weights of cxmtrol 
plants without chlorate 
at the various soil raac- 
lions 




Acid 

Neutral Alkaline 

Acid 

Neutral 

Alkaline 

2 

lulv 25 to \llg 23 

Aug 31 to Oct 5 

{ A 

1 B 1 

Pmest 

2 3 

1 5 
25 1 
22 4 

Percent Peretnt 
18 3 5 

1 3 1 3 3 

21 3 8 8 

19 5 t 10 7 

Ora me 
23 11 
19 72 

9 04 
14 80 

Ora me 
20 11 
19 M 

9 29 
13 32 

Ora me 

13 09 
13 73 

8 40 

9 54 


- Aim .11 III wti 1 1 B 22 4 19 S I U) 7 14 W» 13 32 9 54 

1 No\ 10 to Dor 19 \ (1.5 0 M 5 2(i 3 1 59 | 1 b(> 1 74 

t I Dec 20 to lun 22 I ^ ^12 9 100 1 I (i4 0 55 I 50 48 

5 Ittii 22 to Mar 7 1 ' 115 9 ' KKi 2 51 4 1 28 i 1 (>1 1 tO 


> rhi‘ toxieit\ of all the chloratrd plots was n’^duci'd between the first and M>eond sowings li> adding with 
thorough mixing 80 (Kiunds of untieatid soil to that in each eonipartment The eoutiul plots leceixed 
similai additions 

i I hi pil values tanged ovit thi inokhI of tht e\|)eiiiiu nt from 5 2 to .5 1. (»K to (i (>, and K 0 to 7 5 for the 
ai id iieutial, and alkaline vuls, ies]H*cti\el\ 

^ \verage gn*en weights of 80 to KNI plants in terms of eoriestKinding weights of cxmtrol plants fioiii soil of 
the same nMetion without chlorate as KNI 

The data show that chlorate toxicity w^as initially very severe in 
all the plots, reducing the plants to a small fraction of the size of the 
controls. Those in the alkalint^ soil were the least injured, as shown 
hy sonu'what higher growth jicrcentages. In successive croppings 
toxicity decreased progn‘ssiv(»ly in all tin* plots, but much less rapidly 
in the alkaline ones than in the others; with the result that, wdiere the 
plants were least injured in the first sowing, they w'ere definitely tlie 
most injured in all subsefpient ones. When the experiment was dis¬ 
continued, after five sowings, the soil of these alkaline plots was still 
highly toxic, while that of the neutral and acid plots had lost its 
toxicity completely. 

The weights of the control plants showed that the lime was itself 
injurious for the first tw’o sowings but not thereafter. Th(‘n‘ was no 
sijynificant diffenMicc in the size of the contnil plants of the neutral and 
acid plots at any time. The decline in yield with time is without 
significance for the pn»sent study, being due to the decreasing size 
attained by plants of similar age as the season progressed from summer 
through the winter months. 

The soil plots in greenhouse B of table 1 were not resown with sorgo 
after the second sowing but instead were used for a W'ries of five suc¬ 
cessive sow'ings of sunflower. Each plot was divided into two sections 
by a board partition, and sodium nitrate, at a rate of 150 gm. to 250 
pounds of soil, added to one and not the other. Th(‘ comparati^e 
.persistence of chlorate toxicity in the various plots is shown in table 2. 
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Table 2 —Comparative pirnBience of renidual chlorate toxictty in acui, ntuUaJ^ 
and alkaline soth^ as ihown hif growth percentages^ of succesnvt lowingi of sun- 
flowtr 

(rhlniaU add* d to soil on July 24 


Soil and scminR No 


\\ ithoiit <\ciss niliati 

1 

2 

i 

4 

•S 

^\lth I MISS nitiati 

1 

2 

1 

I 

•) 


1 

1 (liowtli iMtuniagis of 

Avitagi wiights of con 


chlotaUd plauts at Du 

tiol 

plants 

Without 


follouiiiK soil itac 

(hlotati at Du various 

rtlHMlofgl )Uth 

tions 



soil n actions 
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1 I 111 pll valuesohtaimdovir Du ixiiod of thi ivpiiimint latiMd lioiii mo S 5 6 8 to 7 2 and 7 
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Much the smallest giowtli peiceiitages, iiulieatmg greatest toxicity 
of the ehlorate, were obtained lor plants of the alkalint^ plots thiough- 
out The failure of these plants to slum an initial siipeiioiity is 
accounted for by the fact that the chloiate had already been in the 
boil for 3 5 inoiithb (since July 24) at the time of the hirst sowing, so 
that differential decomposition ot the cldorate had already occuri(‘d-' 
greatebt in the acid, least in the alkaline soil Toxicity disappi^aicNl 
completely from the acid and neutral soils by the* tinl(‘ of tiie fifth 
sowing, but the plants in the alkalme plots were still very chlorotic 
at this time and were only about half the size of the contiol plants in 
the same soil without chlorate The data show conclusi\ely that lime 
gieatly incieased the tune i(»quued for decomposition of the chlorate 
The contrast in the appearance of the plants ol the limed and unlmied 
plots by the time of trie thud sowing is illustrated in figuie 3 
Wlien the percentage's for plants frtim the nitratc'd plots are com¬ 
pared with those from the plots without added nitrate it is sec^n that 
the effect of nitrate in reducing toxicity, first discovered by Crafts {8)y 
was more pronounced in the' neutral and alkaline' soilb than in the aciel 
one. As a ri'sult, the plants of the acid plots we're not supe'rioi tei 
those of the neutral plots in the lutinteHl soil, thus constituting the 
only exception to the genc'rali/ation of most rapid de'eompeisition of 
the chlorate in the most acid sods 
OtluT experiments with sunflower and barle»y are summaii/eel in 
table 3, botii begun with ne'wly chlorated sod 
Tin* plants of the first sowings of troth crerps were some'what le'ss 
injure'd by chlorate in the alkaline pleits tharr m the' ne'Utial ones , 
Subsi'quently this relation was reve'rsed, as in the expe'iiine'iit of table 
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1 K.iTRii 3 —Coniparati\o dogioes of chlorate chloroHis and stunting of 5 -ahc( k-old 
hunflowir plants grown in (a) limed, (6) mutial, and (r) acidifitd soils ircattd 
0 months ptoMoiish with ocpial quantities of sodium chlorate The control 
plants, without (hlorati, showed no effects of the soil reaction, all lx ing normal 
in size and color at this timi 


1 wlu'io, iis hero, tlu‘ sc^cql Has soHn Hithm a fen days altoi thi' appli- 
ration ol ohloiate Dnnnp; the soMTal-month peiiod ol the cxpcii- 
nients, ohloiate to\ioit\ disappt'aied oonipletc»l\ liom the acid soils, 
and was much reduced in the neutral soil, but il changed imuh inoie 
sIohIv in the alkaline one C"oncomitanll>, leaf chlorosis, equally 
se^eIe on all the plants at lust, disappeaicql (‘oniph'tely lioin the acid 
plots but persistcul nith almost unabated se\eritj in the alkaline plots 
to the cuid Plants ol the neutral plots Ht're clearly intcuinediate 
aftei the hist soHing:s The color ol all the control plants was normal 

1 4 RIP 3 ( (mi pat atm pftsistnice of chlotaU toxicity in acuty ntutialy and alkaline 
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There is a further relation that should be point'd out in ronnertion 
with the first sowinra of tables 1 and 3 (comprising all the experiments 
begun witli newly morated soil), namely, that the plants of the acid 
plots were not the most injured, as would be expected, but were less 
injured than those of the neutral plots in eve^ casi‘. This disagree 
ment with the direct relation tliat obtained in the water cultures is 
probably attributable to the effect of acidity on decomposition of the 
chlorate by reducing agents of the soil, superimposed on the din'ct 
effect of acidity on chlorate injury to the ^ant. This point will be 
discussed later. 

The occurrence of growth percentages well above 100 for final sow¬ 
ing, such as those of the acid plots of tables 1 and 3, show that after 
chlorate toxicity had disappt'ared the plots produc(‘d larger plants 
than did the adj^aceiit control plots of the same reaction without 
chlorate. Several investigators have reported such instances of ap¬ 
parent stimulation of crops by chlorate. Strobel and Scharrer (19) 
and Bissey and Butler (5) have observed it with wheat, and Bowser 
and Newton (6) with flax, although the latter attributed it to elimi¬ 
nation of weeds by the cidorate. Stimulation of sorghum was ob¬ 
served by Timmons (unpublished report, 1939) who stated (p 20) 
that “there was a definite tendency for the yields of most of these 
crops [sorghums] to be higher on the treated areas than on cheek 
plots, probably due to the moisture conserved by the absence of 
growth on the treated areas the previous year or two." Conservation 
of nutrients would also be expected wfiere chlorate has previously 
reduced plant ^wth. Bissey and Biith'r (S), howev(>r, found that 
the apparent stimulation obsenred by them did not result from reduc¬ 
tion of fertility in the cheek plots, for throe rimained equally produc¬ 
tive over the period of e.xperimentation. In the present invrotigation 
relatively greater exliaustion of the soil in tlie control plots by the 
end of each experiment can be assumed but it cannot be proved from 
the data available. It seems to the writer that another e.\planation 
may be found in a possible destructive effwt of chlorate on the dide- 
terious soil organisms to which crops like sorghum are particularly 
susceptible. 

CELL-SAP ACIDITY AND 8WSCEPTIB1UTY TO CHLORATE INJURY 

The effect of the reaction of the siibstrati* on chlorate toxicity sug¬ 
gested the possibility of a relation between plant acidity and ilegree 
of susceptibility to chlorate injury which varies widely with different 
crops (IS). Although reports found in the literature (11) showed no 
acidity differences that could be correlated with differencro in sus¬ 
ceptibility to chlorate, it seemed desirable to compare the acidity of 
some of the crops when p*owm side by side in the same greenhousi*. 

Some 200 pH determinations on the expri'ssed juice of leaves of 
15 different crop plants were made with a Leeds and Northrup glass- 
electrode apparatus checked frequently with standard buffer solutions. 
A comparison of these determinations showed that differences in sus¬ 
ceptibility to chlorate injuiy cannot be explained on the basis of 
dinerenoos in plant acidity. Thus, pll values for four varieties of 

* These dotermlnstions were made by A L Pitman, of the Industrial Farm Pnxlucts 11p^>arrh Dn ision 
Bureau of Agrieultural Chemistry and £nRim>enng, u ^ Department 6f Agriculture , 
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barley, one of the most susceptible crops, ranged from 5.91 to 6.27, 
as compared with a range of 5.88 to 6.05 for four varic^ties of oats, 
a highly resistant crop; and pH values for spinach, which generally 
proved most susceptible of all to chlorate, ranged from 5.84 to 6.24, 
as compared with a range of 5.80 to 5.89 for the highly resistant flax. 
Obviously ^me factor other than sap acidity is responsible for the 
<lifferences in the severity of chlorate effecls on these plants. 

DISCUSSION 

The toxicity of a given concentration of chlorate tends to vary 
directly with the hydrogen-ion concentration of the substrate. How¬ 
ever, from the rather small effects and the occasional exceptions ob¬ 
tained in the soil experiments of the pn^sent investigations it seems 
likely that the relation is of minor importance for the problem of 
chlorate treatment of soils for weed control. More important sec'ins 
the fact that chlorate* toxicity disappears so much mon* slowly from 
limed soil than from near-neutral and acidified soils. This finding, 
if confirmed under field (conditions, would indicate a distinct disad¬ 
vantage in th(* use of chlorate on alkaline* soil, for to the tendency of 
the chlorate application to be least toxic,. lu'nce least (*ff(*ctive in 
killing the wec'ds, is add(*(l the ('ven more serious obj(*ction of subse¬ 
quent slower r(*covery of such soils for succ(*eiling (*rops. Presumably 
the ('xplanation of the* greater persist(*nce of chlorate toxicity I'n 
lim<*d soil is to be found in the relativc'ly alow decomposition of the 
chlorate at alkaline reactions. 

Wh(*iu'ver an ('xp(*riment was b(*gun with soil to whi('h clilorate had 
been added sev(*ral months piwiously (in which pr(»sumably the 
differential d(*composition due to soil r(*action would already have 
occurn*d) the data always fail(*d to show the initial superiority of 
chlorat(*(l plants in lim(*(I soil that would be ('xpected from the fact 
of tlu'ir superiority in alkaline nutri(*nt solutions. 

The plants of acid soil plots were less injured by chlorate than W(*re 
those in neutral plots. This reverealof the direct correlation of toxic¬ 
ity ^^ith d(*gr(*e of acidity, found to obtain in water-cultures of both 
the pr(*S(*nt and previous inv(*stigations (lOy 17, 20), may be explain¬ 
able* on the basis of mon* rapid d(*coinposilion of clilorate in the acid 
soil -a reaction not occurring in culture solutions of similar a(*idity 
because of lack of inducing agents. As stall'd by Offord (Ui), ‘‘The 
high oxidizing pot(*ntial of sodium (*hlorate and the ivadiness with 
which this compound gives up its oxygi'ii when intiinat(*ly associated 
with organic matter is a W(*ll-known chi'mical fact.” 

In ('xi)lanation, th(*n, of the rc'lation belwc'cn soil reaction and per¬ 
sistence of chlorate toxicity, it can be assumc'd that the rate of d('- 
composition of chlorate to the relatively harmle*ss chleiriele, a procc*ss 
known to occur in the soil and to be affe'cted by various conditions 
(2, 3, 6, 9, 14 ), is favort'd by acidity and hiiidere'd by alkalinity, as 
might be c'xpe'ctc'd from its che'mical propertie*8 {15, p, SIS), In 
accord with this e*xplanation is Yamasaki’s finding {20) that jjlucose 
and aleh'hydes can reduce chlorate's whc'n the solutions are acid but 
not will'll thi'y are neutral or alkaline. Since' one of the advantage's in 
the use of clilorate's for weed control is their re'lativi'ly rapid elisap- 
pe'arance from treate'd soils, their pt'rsistence under alkaline conditions 
would indicate* the nec'd of caution in applying the*m to liini'd soils, 
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and possibly to the alkalmo soils of tlio western part of the United 
States. Certainly, to apply lime in order to hasten recovery of the 
soil after chlorate has been used to kill weeds, an idea that had been 
suggested by the tendency of chlorate to be least toxic in alkaline 
solution cultures, can now be expected to greatly pndong the toxic 
condition. The best recovery of an alkaJine soil by the time all toxic¬ 
ity had disappeared from adjacent acid plots was to (54 percent of 
normal (table 1). ITsually recovery was to about 50 perccMit of normal. 

Incidentally, it is of inten'st to note in this connc^ction Yamasalu’s 
idea {20) that the active agent in chlorate toxicity is the hvpochlorite 
ion produced on reduction of the chlorate to hypochlorite within the 
plant. He reports that susceptibility to chlorat(» is actually greatest 
in those plants that are highest in such reducing substances as glucose^ 
and aldehydes. If the reduction takes phu'c only in acid solutions, it 
might be assumed that the more acid tin* plant tin* great(*r its sus¬ 
ceptibility to chlorate. Yamasaki actually found that growing plants 
in acid solutions increased their susceptibility to (*hlorate and assumed 
the effect to be due to an hicrcase in their sap acidity. However, In* 
found no correlation betwc*en the aciditv me*asurements for seedlings 
grown under ordinary conditions and tlieir relative* susceptibility to 
chlorate injury. Nor could any such correlation be found in tin* pres¬ 
ent investigation. 

Arenz^ finding (1) that barley is high in reducing capacity, as com¬ 
pared with lupine, should be noted in this conin*(*tion, for barley is one 
of the most susceptible crops to chlorate. Also of interest, in Vie^v of 
the extreme susceptibility of spinach, is Stoklasa's finding (18) that 
the Chenopodiaceae in general are high in oxalic acid. lhme\(*r, 
the hydrogen-ion concentrations obtained by Stoldasa, the prc*sent 
writer, and others (//) for tin* expressed juice of spinacdi are no higher 
than those of more resistant crops. 

The assumption is made throughout tliis paper that the effect of 
lime on the persistence of toxicity of clilorate-treated soils is an (‘ifect 
of alkalinity. However, a puzzling asjiect presents its(*lf in the fact 
that so large an effect pemists in the limed soil after its alkalinity has 
decreased through successive sowings to valu(*s as low as pH 7.5, as in 
the experiment summarized in table 1. Furthermore, it is surprising 
that there should be such an extreme contrast in the toxicity of chlorate 
in soils whose reaction differed no more than did that of the “neutrar’ 
and alkaline soils of table 2, the former ranging, between the 
beginning and end of the experiments, from pH 6.S to 7.2 and the 
latter from pH 7.5 to 7.6. There is a suggestion here that the action 
of lime in delaying the disappearance of clilorate toxicity from soils 
may be some effect other than that of alkalinity. On the other hand 
there is the fact that acidifying the soil could hasten the disappearance 
of toxicity as outstandingly as liming delayed it, which would point 
to degree of a(*idity as the determining factor. Certainly such j)ro- 
noun<*ed and regular trends of declining growth percc*ntages with 
decreasing degrees of soil acidity as those shown by table 3 ^\ould 
seem to justify such interpretation, 

SUMMARY 

The toxicity of sodium chlorate to soybean, sunflower, and barley 
in water cultures generally varied directly with the acidity of the nu¬ 
trient solution, being least at alkaline reactions and greatest at acid 
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oijos. D(‘rreasiiig tho soil acidity of gi'ccnhoiisc plots to about pll S.O 
with liiTi(» soinctiincs, but not always, decreased the toxicity of newly 
added chlorate. 

Chlorat«» toxicity disappcMirc^d much more slowly from limed tliaii 
from urdim(‘d soil. In ^ireiieral, it disappeared most rapidly from acidi- 
fi(»d soil, but llie differenct^ bcdweeii the rates of recovcTV of the acid and 
neutral plots was usually less marked and less consistent than the 
difference b<»tw’een these and the alkaline plots. 

In consecjuence of the dual effect of acidity on the toxicity of 
chlorate ano on its rat(» of d(*composition—alkaliiu^ plots that were the 
least toxic iminediatc'ly aft(T chlorate was add(‘d were the most toxic 
to subse(|uent crops. This reversal of the initial relation b(*tween 
limed and unlinied plots is believed to be due to an effect of soil reac¬ 
tion on the rat(‘ of decomposition of the chlorate*, a proc(*ss hindered 
by alkalinity and favored by acidity. 

Since* a sjive'ii conc(*ntratipn of chlorate tends to be* le*ast toxic in 
alkaline soil, hence a le*ss effe*ctive poisein for w^eeds, anel at the same* 
time* is a more lasting poison for succe'e'dinjj crops, a (jU(*stion is raised 
as to the advisability of applying it to alkaline soils. 

The*re* was no corre*lation be'twe*en the pH value* e)f the* e*xpre*sseil 
juice e)f various crop plants and tlu'ir relative* susce*ptibility to chlorate* 
injury. 
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A COMPARISON OF FUSARIUM AVENACEUM, F. OXY- 
SPORUM, AND F. SOLANI VAR. EUMARTII IN RELATION 
TO POTATO WILT IN WISCONSIN' 

By John G. McLean, formerly instiuHor, and J. C. Walker, professor, Depatt- 
ment of Plant Pathology^ Wiacomin Agricultural Experiment Station 

INTRODUCTION 

The fusuniiiu ^ilts of potato {Solaautn tuberosum L.), while of 
ivlatively minor importance to the potato industry as a whole, con¬ 
stitute a major problem in mauv local areas. Their endemic occur¬ 
rence in certain regions and their sporadic appearance in others 
render them constant hazards to the potato crop. Appel (i)/ work¬ 
ing in Geniiaiiy in 1907, described a leaf-rolling disease of potato w^hich 
he believed to oe due to one or mon* species of Fusarhtm . The disease^ 
(diaracteristicallv pnidiiced a folding together of the margins of the 
leaflets, while tli<‘ lower leaf surfaces of diseased plants presented a 
leaden appearance* and the entire* foliage fre(|ueiitly assumed a reddish 
tint. Tin* potato wilt diseases asso<*iated with Fusarivm solarii 
(Mart.) App. & Wr. yar. eumartii ((’’arp.) Wr. and Fusarium o/y/- 
sporum Schlecht. /./ Wr. (F, oxysporum f. fuherosi S. & H.) (1.9) have 
been studied extensively and the literatuie on the 8ubj(»ct reviewed 
fully by Goss (5, (J, 7, 8, 0, 10), 

A potato disease* diffe'ring some*what in symptoms fixim the com¬ 
mon potato waits has been obst*rvc*d in Wisconsin for several years. 
From infe'cteel plapts ce)llected in the summer of 1936 a spe*cie'8 of 
Fusarium was isolated which diffe*n*d in cultural characters and spore 
type from F, solavi var. eumartii anel F, oxysporum. This culture 
was ide*ntifie*d as Fusarium arenaceum (Fr.) Sacc. by Dr. Otto A. 
Re*inking of the* Ne*wr York Agricultural Expe'riment Station. Se*ve*ral 
phases of the elisease* have bee*n studied and in each e*ase* comparison 
has bee*n made* with the* two wait dise*ase*s me*ntione*d above. For 
conve*nience, the* thre*e* diseases will be referred to he*r(*in as eumartii 
wilt, oxysporum wilt, and avenaceum wilt. 

PATHOGENICITY STUDIES 

Many isolations of Fusarium avenaceum and various othe»r specie's 
of Fusarium were made* from diseased plants collecteMl in commercial 
fields of central and ne)rtheni Wisconsin during the summer of 1936. 
Single-spore cultures were obtained by the dilution-plate method on 
clear agar. Four plants each of Katahdin and Bliss Triumph varie¬ 
ties were inoculated wath each culture*. The fungus was introduced 
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by inserting mycelium into a cleft cut into the stem just below the 
ground level after the stem surface had been disinfected. Sterile 
nonabsorbent cotton was placed over the wound and the soil was 
replaced. Isolates which produced a progressive discoloration of the 
vascular elements some distance from the point of inoculation were 
retained for further study; the remainder was discarded. Repeated 
tests showed F. avenaeevm to be parasitic on potato, while plants iiioc* 
ulated with other fungus isolates and the control plants remained 
healtliy. 

In we belief that a pathogen new to potato had been obtained a 
soil inoculation test was 8(‘t up with F. avenaeeum. A mixture of 3 
parts of composted soil to I part sand was autoclaved for 2K hours, 
along with the 6-inch clav-pot containers. After exposure* to the 
air for one week the autoclaved soil was inoculated with 23-day-old 
corn-meal-sand culture's of F. orysporum,^ F. avenaeeum, and F.solani 
var. eumartH} Suberized seed pieces of Irish Cobbler we're plante'd 
and five pots of each inoculation were* placed at air te'inperature's e>f 
18° and 24° C. 

Plants infected from the soil by F. solavi var. evmartii wt're dead in 
7 to 10 days after emergemce at 24° and in 14 to 20 days at 18°. 
The plants infected by F. avenaeeum or F. orysporvm w ere less seriously 
affected, living on an avt'rage for 65 elays after emergence. The 
plants affe'cted by oxysporum wilt displaye'il symptoms of leaf yellow¬ 
ing for an average of 20 days before complete wilt and death occurred. 
Thosi' affected oy avenaeeum wilt showed early, distinct signs of (he 
disease 20 days afU'r emergence; the plants recovered for a (ime but 
finally succumbed to the wilt at the same time as did thosi' infected 
by F. orysporum. The control plants in sterilized soil to whii'h sti'rih' 
com meal and sand had been added were healthy 80 days after emer- 
gfence, at which time the experiment was discontinued. The ri'spec- 
tivo organisms were reisolatcd successfully in all instanct's from the 
lower stem, roots, or tubers of infected plants. These results indi¬ 
cated that the strain of F. avenaeeum ti'sted was capable of producing 
infection and discoloration of the stems, stolons, mots, and tubei's 
from which the fungus could be reisolated. 

SINGLE-SPORE STRAINS 

The pathogenicity of 12 single-spore strains of Fumrium avniaceum 
from one of the original isolates was tested by stem-pmicture inocula¬ 
tion and by the use of inoculaU'd, sterilized soil. In the artificially 
infosti'd soil several weak strains were able to cause root infection 
and browning, but were not capable of affecting the vawular tissues 
of the stem to any great extent. When them' cultures were injecti'd 
into cleft wounds in the stem, a vascular discoloration extending 1 
to IH cm. above the point of inoculation was produced aft(*r 20 days 
No foliage syniptoms were produceil. Another group attacked the 
roots of plants in infested sou, invaded the lower stem, and produced 
in it a vascular discoloration extending 1 to 2 cm. above the point 
at which tlie infected roots were attached. Stem inoculations re¬ 
sulted in vascular penetration 2 to 3 cm. from the point of inoculation 

> Dr K W Go<i 8, University of Nebraska, kindly fumJbhed subcuHurps of F orfftponim and F tolam 
m cttmorfii ftom isolates on st hloh he reported in 1940 (10) * 
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after 20 days. Mild foliage symptoms wore detected on a few plants 
in this gn>up. The third group of sin|^e-spore strains readily pro* 
duced root infection and vascular infection of the stem from infested 
soU, and definite foliage symptoms were apparent. Vascular pene¬ 
tration extended 5 to 7 cm. above the pomt of inoculation bv the 
stem-puncture method. Thus the 12 sin^e-spore isolates tested pro- 
dueecf three more or loss distinct classes of infection as measured 
by the extent of root and stem penetration and the resulting foliage 
symptoms, ^ven of the most virulent sin^e-spore lines were com¬ 
bined for use in later inoculation studies. 

SEKimUCE INOCULATION 

Several methods of seed-piece inoculation were tested witli Fumrium 
ttvenaeeum, F. oryapomm, and F. solan i var. eumartii in the green¬ 
house. Fifty seed pieces each of Irish Cobbler and llurai New 
Yorker were used for each tfeatment and planted at once in flats of 
sterilized soil. Uninoculated controls for each method were included. 
The methods were as follows: 

PreHuberixed. The s<x>d piece was cut and allowed to stand in a ventilated, 
saturated atmosphere for 4 days at 24° ('. to allow Auberization and cork forma¬ 
tion to take i>lace b(*fon‘ inoeiilatioii; it was then dipped in a suspeiiMon of spores 
and myeeliutn of tlie fuiiKus and ])lanted. 

Fresh cut. —Freshly cut >«‘pd tubers were dipped at once in the fungus suspen¬ 
sion and planted imnuKliately. 

Plugged A plug was removed from the seed piece; a disk of mycelium and 
agar was inserted; the tiliig was rt'placed and sealed with paraffin. 

Cleft. A <4-inch cleft was cut near the eye of the seed piece, mycelium was 
ins(‘rted with a needle, and the cleft was rt'sealc'd. 

Plants inoculated with F. anenacenm and F. sdani var. eumartii, 
together with the uninoeulated controls, were held at 24°; F. o/ysporum 
inoculations were held at 28°. 

The measure of sueeras for each method was detenuined by recording 
the amoimt and tlegree of seed-piece and stem infection after 22 days 
when the plants were 8 to 10 mehes high. Percentage of infection 
and disease-index values were calculated from these tabulations. 
The disease index is similar to that used by Walker, Ijarson. and 
Albert (W) in the analysis of potato scab data.* The cleft and 
plugged methods gave severe infection when F. solani var. eumartii 
was used and numerous plants failed to emerge nr were killed soon 
after emergence. F. avenaeeum and F. orysporum failed to give 
consistent infection by these methods under greenhouse conditions. 
The results for th(* presuberized and fresli-eut methods are shown 
in table 1. Althougn the numbers were too small for satisfactory 
statistical treatment, there wen* definite diffen'U<*(*8 between species, 
varieties, and the two methods of in(M‘ulat>ion. 

* The method ot nUeulatioii was ns follows (Iroup'Wvicht \alues w^ere Kueii fur clean 0, for sliRlit iiifec 
lion I, for nifKlerate- 2, and for Re\eie infection- These arbitrary valuer were allocated to reidreiient 
the relat ive se\ei ity of the resiiect ive gradea The number of seed pieces or htems in each class was mul¬ 
tiplied by itb respectne class weight, the products were then added and the total multiplitd bj It'D The 
figure obtained was di\ Ided h> fl\e times the total for the treatment to arrne at the disease index for that 

tuMAHient,! ^ index Plsease index Is. therefore, a combined 

measure w hlrh expresses in one value both the iierccntage and the degree of infection 
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Table \.—The ejfect of two methods oftnoeuUUion mth three speeiea of Fveanum on 
seed-jneee and stem infection %n the greenhouee 

[Rarh flRure lepreaents fiO iwtato aeml piecm] 


Potato varipty aud stwics (»r 
Fummum 


IriHh Cobblpr 

F aolont var eumartu 
F aaeaoMttia 
F vtsmerum 
ITninoculated control 
Kural New Yorker 

F. nlatn var lumartu 
F, opf aareuia 
F oneporum 
Uninocu1at(*d control 


Beed-pieoe mk^ction 


Stem infecticm 


rrawbeilied 

Fresh euf 

l*n*suberire(l 

Fn'sh (Ut 


DiMMr 


Jhiteau 


Vueace 


Pueage 


Mder 

Fercent 

iwlei 

Percent 

tnetei 

Pment 

ntder 

200 

70 

84 0 

20 0 

0 1 

6 4 

37 4 

10 2 

21 0 

7 2 

24 0 

11 2 

0 0 

3 0 

14 6 

4 4 

200 

16 8 

.W 2 

23 0 

6 5 

1 0 

27 1 

10 0 

20 

4 

4 2 

8 

0 

0 

0 

0 

100 0 

780 

100 0 

100 0 

04 6 

27 4 

78 0 

03 0 

14 0 

6 0 

320 

12 0 

0 0 

1 2 

14 3 

3 0 

440 

14 4 

70 0 

K 0 

21 4 

4 7 

72 0 

20 0 

0 

0 

20 

4 

0 

0 

0 

0 


A bi'uofirial effect of suberiisation was seen on both potato varieties, 
although Rural New Yorker thus treated was more severely attacked 
than Msh Cobbler. The effect of suberization was evidenced by n 
decrease ui severity, or by a delay in attack, together with a reduction 
in the number of plants affected. The “fresh-cut” inoculations 
generaffy allowed a greater amoimt and a greater degrcH' of infection 
than din the presuberized treatment. 

F. aeenaeeum and F. oryaporvm produced consistent mfection of seed 

S iiH'os and stems, but both species were in gc‘neral h'ss infectious than 
I Hoiani var. eumariii. The most extensive and most seven' infection 
was found with F. sdani var. eumartii on Kurd New Yorker variety, 
where the diseast* index more neariy appiroached the percentage Valin's 
than was the case with the other species. A close relationship was 
noted between seed-pieco rotting aud stem infi'ction. Reisoiations 
from the stems of each lot yielaed the respective oiganisin used in 
inoculation. 

These results an* in general agreement with those of Goss (5, (t) with 
F. ojeysporum and F. solani var. eumartii and those of MacNfillan (IS) 
'with F. oxyisparum. The differences found between thi' three fungus 
species in the groenhouse experiments are consisti'nt with the results 
observed later in field inoculations, althougli the same differeuci's 
between the two varieties and the two methods of inoculation wei«' 
not found in the subsequent field experiments 

SYMPTOMS OP AVENACBUM WILT 

The first symptom to appear on the foliage followuig infection by 
Fusarium aveneteeum is a famt yellowing of the basal portions of the 
leaflets of the apical loaves. This stage is soon followed by more 
pronounced yellowiM, approaching chlorosis, of the leaflets, together 
with a bunching of tbe leaflets and folioles due to a shortening of the 
intemodes of the poUole. The apical leaves are reduced in size and 
there is a alight increase, under greenliouse conditions, in the number 
of leaflets and folioles. The leaves frequently assume a greyish cast 
and 1the toxtun.' becomes brittle and coarse as coippared with that of 
the normal foliage. * 

The stages which follow vi^ to a laroe extent with different environ¬ 
mental conditions. With sumdent soil moisture and eool temperature. 
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Uie affected plant continut's to grow, and carbohydraU'B acrumulste 
in the above-ground o^ans. Cbaracteristic red or puiple pigmenta¬ 
tion occurs, together with an upward rolling of tlie leaves (fig, 1) and 
the production of ai>rial tubers in the leu ftnls (fira. 2, 3). The 
plant at this stage res(>mblcs one suffering from rhizoctonia stem 
injury, while otlier combinations of stunting, yellowing, leaf rolling, 
and the presence of aerial tubers may produce a plant somewhat 
similar in appearance to haywire (5) of psyllid yellows (17). To 
distinguish between these disc'ascs and avenaceum wilt on the basis of 
foliage symptoms alone is difficult; in this group, however, only 
avenaceum wilt consistently produces vascular discoloration of the 
lower portion of the infected stem. 



Kiuuhk 1. Symptoms of avciiaceum wilt fehowing the effect of inoeiilation sith 
Fusaiium avenaentm on Bll^s Triuniph potato at Madi>>oii, Wis Note the 
upward rolling of tlie lea\cs and wilting of the plant. 


When low soil moisture ami unfavorable high temperatures prevail, 
rapid wilting and tleatli oi the affected plant rt'sult sometimes, jire- 
cedtHl by a gradual loss of chlorophyll and consi'qiient yellowing of the 
foliage. Tipburn and loss of the lower lea\('s are common. Plants 
iiifoetwl with F. tttvnarrum, whether grown in the greenhouse or field, 
arc frtHiiiently indistingiiisliable from tiiose afft*et(Kl with oxysporum 
wilt. This is particularly true where temperatiiie and water supply 
are eoiistaiit, or when high temjicratiires prevail. Inoculations in the 
field with F. aoenacevm at Madison, Wis., ticeasionally produced 
slight re<l and purple coloration of the foliage accompanied by rolling 
of the leaves, but no aerial tubers were formed (fig. 1). In no cus«> 
,were these plants as striking in appearance as infected plants in a 
similar inoculation plot 200 miles north of Madison ffigs. 2, .3> where 
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piirpling of Uie foliage and formation of ai>rial tubers wore much more 
prevalent. Plants in this location affected with oxysporum wilt, and 
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displayed traces of the interveinal mottle and bronziiip characteristic 
of that disease. 

The symptoms of ayetiaceiim wilt dracribed above are those most 
commonly found associated with mid- to latc'-season field infection in 





Kiouhe 3. —I'ho formation of aerial tubera in the leaf axils of a purple lop potato 
plant infected by Fusarium avtnaceum from the plot at Starks, Wis. 


the northern half of Wisconsin. Se\ere early infeetion has been ob¬ 
served under fiehl eonditions, and (*speeially after arlirioial inoeulation. 
Plants afl'eeted thus either recover for a time, meaiiwiiile showing 
partial masking of symptoms, or they sueeurab soon after emergence 


502 Journal of AgrieuUvral Beseareh voi os, No g 


witti a oonscquont reduction in stand and yield. Plants wliich are 
Sf'verely infected early in the s(‘ason sbo>% stunting and bunching oi 
the tops and a decrease in chlorophyll at ilie apex of the plant strik¬ 
ingly similar to yellow dwarf. However, infection by F. aoenaeevm 
dora not rt'SuU in discoloration of the pith lik(‘ that in plants affected 
with yellow dwarf or eumartii wilt. 

The roots and stems infected with F\ annaavm are indistinguish¬ 
able from those affcctetl by other fnsariiun wilts of the potato. Infec¬ 
tion may develop unilaterally in the stem, or may be distributcHl 
throughout all vascular elements. Browning of the latter may pre- 
ctnle fungal invasion or the two may be coincident. Discoloration 
has been observed to exl(‘nd (i to .S inches above the soil level in full- 
grown itifecied. 4 )laBts, although tlie causal organism has seldom be('n 



Figure 4 —Severely iiifeeted tubers from potato plants inoculated with Fiihamim 
avenaceum sliowuig \ascular di«icoloratior and necrotic spots m the cortex and 
pith. Photogra])h taken at the time of harvest 

isolated inches abo\c llic soil. Pioniiotcs of the fiinpus were soni(‘- 
tinies obsiTved on the (vxlerior of severely infeeled st(»ms, sli(;htl.A 
above the ground level. Actual fungal invasion, howe\er, is more 
common in the b<‘low-p:i*ound parts. The infection pio{i:resses from 
the stem to th(» tuber throui^h the stolon. Direct infection of the 
stolons or young: tubia's from the soil has not been observed. Seed- 
piece infection may occur, but the late-season effects of the disease and 
the ease with whieh root infection occurs indicate that the latter 
method of infection is the more common in Wisconsin. Vascular 
browning can likewise be traced macroseopieally from an infected root 
into the stem xylem. 

Affwtecl tubers show a vascular discoloration which originates at 
the j>oint of stolon attachment and extends into the tubers (fig. 4), 
varying among nlants and among the tubers ^f an individual plant. 
Severefy infected tubers may show a <lry stem-end rot (fig. .5), which* 
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is oxlornally disceniiblo tis a sunken aiea at the baRal end of the tuber. 
This symptom differs from the water-soaked appearance of tubers 
affected by F. mlani var. ivmartii in that a characteristic powdeiy 
dry-rot is produced. The* affected parts are gray to pink in color, 
showing occasional traces of bright red. Thc» mycelium of the fungus 
IS readily apparent, and reisolation is easily accomplished from sucli 
specimens. Although tuber discoloration is typically vascular, symp¬ 
toms in pith and cortex have* been observed in certain experimental 
lots, (consisting of hard, corky, dark-brown, nc‘crotic an»as scattered 
ill the flesh of the tuber (fig. *4) 

Th(‘ first sign of oxysporuin wilt under Wisconsin conditions is a 
yellowing ol the lower leavers, which gradually spreads to the leaves 
clir(‘ctly above*. Wilt and death may follow rapidly, or the stem may 



ri(.rRE 5 Severely iiifeetini tubers from puluto plants inoeiilatod ith Fttsanuni 
avfnaaum sho\^iii^ \asculai diseoloratiuii and a dn stoiu-end lot Photo- 
Krapli taken at the tune of har\est 

iTinain turgid until most of the plant has a golden-yellow east, with 
only a few gr(*en lea\es n'lnaming at the tip. The appearance of tin* 
roots, steams, and tubers of infected plants is similar to that describ(»d 
by other workers (2, 5, 8. 13, 18), and these below-ground symptoms 
are frc'quently indistinguisliable from tliose of the other fusarium wilts. 

The symptoms of eumartii wilt in Wisconsin arc similar to those 
describcil by Goss (6, S), and infection is readily seciu’ed under a wide 
range of conditions in the greenlioiise or fiekl. Rural New Yorker 
variety is an exception, frequently showing only the irn'gular, intcr- 
v(*inal bronze areas on the leaflets witliout intervi’inal chlorosis. 
Tip burning and dropping of the leaves occasionally occi^ inde¬ 
pendently of any other symptoms. Russet Rural potatoes in com¬ 
mercial fields^ show this same phenomenon, and similar symptoms 
have been observed by the senior author on Bliss TVimnph potatoes 
arrowing in western Nebraska. These plants previously had been 


* So far as tho m nters knoin, this Is the n iM»rl of oumartii a ilt in Wisoonnii 
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retarded by dry weather, so that severe tip bumi^ on the leaves of 
affected plants was the only apparent sign of the disease on the above- 
ground parts. Severe seed-piece infection and early death of the 
plant have been observed only when a largo quantity of inoculum was 
present. 

Leach and Darling* in 1935 reported similar symptoms in Min¬ 
nesota on plants affected bv unidentified species of fusaria. In 1939 
lieach [IS) further stated that the wilt caused by the tamislicd plant 
bug was not identical with the purple top wilt, which disease he 
indicated might be doe to the aster yellows virus. Decker ’’ reported 
western aster yellows on potatoes in Now York which agreed closely 
witli the descriptions of purple top wilt and the blue stem disease 
described by Orton and Hill [H). Hill [11), after examining potato 
tubers affected with blue stem, purple top wilt, net necrosis, stem end 
browning, and nyenaceum wilt, reported differences in the location of 
suberized deposits and wound cork, but found no microchemieal 
differences in the wound periderm among the different types of 
material. 

DISTRIBUTION AND ECONOMIC IMPORTANCE OF PUSARIUM 
WILTS IN WISCONSIN 

Avenaccum wilt varies in severity from year to year, and, like 
oxysporum wilt, is influenced by environmental factors and by the 
vigor of the host plant. Leaf rolling, reddening of the foliage, and 
formation of aerial tubers are symptoms which occur cliiefly in Uio 
nortlioni half of the State, and they appear most prominently after 
mid-August. For this reason, the late-maturing varieties usually 
slio ' a higher percentage of infected plants under natural field con¬ 
ditions than do the early varieties. Lower temperatures accompanied 
by heavy or frequent rains, following a period of drought and high 
temperatures, commonly lead to the advent of this symptom complex 
1 week or more later. In Wisconsin tlie disease appears to be more 
prevalent in the light-textured soils. 

The resemblance of avcnaceum wilt to some other potato disorders 
and its sporadic appearance make estimation of its economic sig¬ 
nificance difficult. The amount of infection is generally small, involv¬ 
ing from 2 to 5 percent of the plants in a field, although fields showing 
up to 20 percent infection have been observed, and small areas within 
a fieM may show much higher percentages of plants with foliage 
symptoms than are present in the field as a whole. It is believed, 
however, that the diseases of Fumrium oxyaponm and F. avenaeeim 
are equal in importance and that these two species are largely respon¬ 
sible lor the fungus wilts of mtatoes in Wisconsin. 

F. solam var. eumartii has been isolated from field and bin raecimens 
in this State, and fields showing 8 percent of the plants affeeted by 
this organism have been observed. Eumartii wUt, however, is con¬ 
fined largely to the northeast section of the State and even there it is 
not the serious problem to potato growers that it is in some other 
parts of the country. 

• Liach, J a, and Dabiino, Hbnbt. stmptoiis of fubabium wilt of potato in minnasota thjb 
TBAB U. 8 Bur Plant Indus, Plant Dls. Uptr 19 299-302 1936. JMimeoRraphed ] 

T Dbckib, Phabeb a nbw potato DIBBAS& IN NEW 70BK U 8 BuF. Plant Indus, Plant J)fs Rptr. 
28 286-227. 1989 fMimaographed ] 
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RELATION OF THE PARASITE TO THE HOST TISSUE 

To observe the path of the funeus in the plant, potato seed pieces 
were planted in sterilized soil in glass containers, which were covered 
to exclude light. The soil was moistened with sterilized, distilled 
water through a tube at one side of the container. A suspension of 
spores was introduced through the watering tube when the roots had 
accumidated around the end of the tube. J!)aily observations were 
made with a dissecting microscope and plant parts were removed at 
intervals and prepared for sectioning. Fuaarium avenaeeum, F. 
orysporvm, and F. aolani var. eumartii were studied comparatively in 
this manner. 

Water soaking of the root tips appeared at 2 days with F. aolani 
var. (umartii, whereas it did not become definite with F. avenaeeitm 
and F. oxysfwrum until the seventh day. The hypliae of F. solan! 
var. evn/Mitii were apparent in tlje cells of the epidermis and cortex 
of certain motlets 7 days after moculation. In the more severely 
affeoted rootlets the walls of the cortical cells and of tlio younger 
xylera cells wore broken down. The epidermal cells were thus s«>p- 
arated from the larger cells of the stele but still both groups remained 
in their original positions. The later stages of invasion with F. 
solani var. evmartii were similar to those illustrated by (loss (0). 
The cortex of the older roots bei’ame permeated with the intractdlular 
hyphae of the fungus, which eventually reached the xylein. Mycelia 
oceuwed ahundantiy in the cortical cells of the lower stem and were 
also found in the spiral and pitt(>d vessels at the junction of the m- 
fected stem and roots. Some of the smaller pitted vessels of the 
xylem in the stem collapsed, and the thinner, weaker-appearing cell 
walls indicated the effect of solvent action; in others, which were 
still thick-wdled, dense granular deposits were found. Neex-osis of 
cell groups in the inner and outer pluoem, together with collapse of 
the xylem, occurred, in advance of the fungus hyphae. 

In the early stages of penetration by F. avenaeeum and F. oxyspoi um, 
mycelia were found in the epidermal and cortical cells of the young 
rootlets. The cell walls appeared to have become softened and 
swollen and some cells were partially separated from the adjoining 
onro. This dissolving action was not so rapid as that observed with 
infection by F. ao/anf var. eumartii. F. avenaeeum was found com¬ 
monly in the xylera vt'ssels of roots and stems, and hyphal branches 
radiated from the infected xylem vessels into the ouUt phloem of 
Uie stem where collapse and necrosis of the cells occurred. Many 
of the tliick-walled xylem cells of the stem became plugged. The 
cortex of the lower stem was also invaded. In the younger roots 
infected by F. oxysporum, mycelia were fmmd in the xylem vessels 
of the root, as well as in the cortex. In larger roots and in the lower 
stem the hyphae occurred chiefly in the xylein. 

It may be seen that the three fusaria related thenisxdves to the 
potato in a very similar manner. F. solani var. eumartii was the most 
active cortical invader, and enzyinic action in advance of the patho- 
was greatest. F. avenaeeum invaded the cortex of root and stem, 
but was more aggressive than the last-mentioned fungus as a vascular 
invader. F. oxysporum was about equal to F. avenaeeum as a vascular 
parasite, but it was less conspicuous in the stem cortex. 
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TEMPERATURE AND MOISTURE RELATIONS 

III order to determine the effect of natural environment on the 
production and devdopment of wilt diseasi^s, it is necessary to under¬ 
stand the role of temperature and moisture in infection. Therefore, 
studies of the effort of temperature on the frrowth of the avenaeeum 



TIME (HOURS) 

Figure 6.—The effect of teiiiperatiire on the growth of Fumnum avinaceuin on 

jKJtato-dextroHt' agar. 


wilt funpis, together with the effect of soil tempera lure and moisture 
on development of the disease, were undertaken. 

RELATION OP TEMPERATURE TO GROWTH^ OF THE FUNGI 

Plates of potato-dextrose agar adjusted to neutral reaction were 
inoculated with 4- mm. disks taken from the periphery of a 5-clay-oid 
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artiyoly growing Peiri-dish culture of Fusarium avenacevm. Five 
replicates were plaee<l at each of eight temperatures ranging at 4^ 
intervals from 4® to 32° C., inclusive. Increments of radiid growth 
were measured daily. 

The results are shown graphi(*ally in figure 6. Both daily-incre¬ 
ment and total-growth measurements exhibited the greatest response^ 
at temperaturcis of 20° and 24° C. These results agree rather closely 
with those of Cormack (4)^ who reported an optimum of 24° for a 
strain of F. avenaceum isolated from dfalfa. The straight-line trends 
in this graph indicate that growth was not retarded by the accumida- 
tion of staling products or other byproducts of the fungus. The 
optimum is lower than the optima reporWd for F. solani var. eumariii 
(25°) (6*) and F. or^fsporam (30°) (7) although Goss (5) demonstrated 
that the optimum temperature for gi-owth of the latter varied with the 
substrate. 


EPFKCT OK SOIL MOISTURE AND SOIL TEMPERATURK 

Wisconsin soil-temperature tanks were employed in the determina¬ 
tion of the effect of soil temperature and moisture on infection and on 
growth of uninoculated plants. Temperatures were automatically 
(controlled to ±0.5° C. at each of the following temperature levels: 
16°, 20°, 24°, 28°, and 32°. The air teemperature fluctuated between 
20° and 25°. A mixture of one-half sand and one^-half composted soil 
in burlap bags was autoclaveHl at 20 (lounds ste^am pressure for 2% 
hours. Inoculations were made se*veral days before planting, after the 
soil had bc»eu exposeMl to the air for 10 days. The sand aim corn-meal 
inoculum used in the first series was abandoned in favor of autoclaved 
barlew kernels in latc'r trials. The Katahelin and Irish ('’obbhr varietie*s 
w’cre planteul in the first two series, Rural New Yorker in subse>quent 
te^sts. Four presube'nzed se'cd piece's were planteid in e‘ach can of aiitei- 
claveei, artificially infe'Steel soil. Five separate series we're comple'tiHl. 
In the first twro a comparison was made be'twe'e'n plants inoculate'd with 
F. aiH^naceum, F. solani var. eumartii, and F, oxysporum and uninocu- 
late'd contnils. In the ri'inaining three serie*s emly F, avenaceum was 
used. The soil moisture was maintained throughout at 40 anei 60 
percent of the moisture-holding capacity of the soil. 

The best growth of the foliage of the potato plant was produced in 
the gre'e'iihouse at constant soil te'inperature's of 20° and 24° C. whe'ii 
the air temperature was maintained at 20° to 25°. As soil tempe'rature 
incri'ascMl, germinati*>n was haste'iii'el and leaf size de'crease'd. At 28° 
the plants were decidedly smallt'r, while at 32° growth was slow and 
abnormal, resultiiig in poorly (le'veloped tops. Plants grown at a soil 
temperature of 16^de'Ve'lope'd more slowly than those at 20° and 24°, 
although thicker steuns and larger leave's re'sultecl and the plants ulti¬ 
mately produced more leaf area. Better germination and larger plants 
prevailed throughout the te'nii)erature series at 60 perceuit of the soil 
moisture-holding capacity. At 28° and 32° plant growth was retarded 
at 40 perce'iit moisture', a result undoubte'dly of the more rapid deple¬ 
tion of soil moisture by the greater rate of evaporation and transpira¬ 
tion at these temperatures. The lower the temperature, the less was 
the e'fft'ct of moisture on plant size. 

\ At the te'mperatures ranging from 20° to 28° C., the plants in inocu- 
lateel soil were from 2 to 6 inches highe*r than the controls while the 
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roverse was true at 32°. At 16° no differences wore observed. Root 
growth in all inoculated plants was correspondingly greater than in the 
controls. At the lower level of soil moisture a sli^t increase in the 
percentage of plants infected by F. avenaeeum and F. oxysporum 
resulted at 16°, while a decrease occurred with F. soUmi, var. eutmrtii 
at 28° and witli F. oxysporum and F. avenaeeum at 32°, but the number 
of plants was too small to show a significant difference. The data for 
the two moisture levels at each temperature are combined in table 2. 

Table 2. —The effect of sotl temperature on infection of potato plants by three 

species of Fvsanum 


Soil temperature (*r) 


16 

ao 

» 

S2 


i Mechaniral difllculties. No mfection at time of iiijur> to plants 
tlletireBentb 1 benes only. 

The effect of temperatun> on F. oxyspoium and F. solan! var. 
eamarfn was similar to that observed by Goss (5, 0), who r«‘]>orted an 
optimum of 30° C. for infection by the JoriiUT and of 20° to 2.')° hy the 
latter. The average percentage of infection hv F. avenaeeum for the 
five series at two levels of moistim* sliowed a definite optiinuin at 28° 
for each moistun' level (tabl(> 3), while it was consistently less at the 
lower moisturt* level at 16°. However, although the develojnneiit of 
avenaeeum wilt was more severe as the soil temperature increased up 
to the optimum, it was also more seven* in the drier soil in spite of the 
fact that the percentage of infection was greater in the moister soil. 

Two trials wen* made witli Rural New Yorker to detenniin* the 
effect of soil moisture on infection when the temperatun* n*muin(*d 
constant. Soil was adjusted to 30 perc(*nt, 50 percent, and 70 p<*rcent 
of the moisture-holding capacity. Soil temperature was kept at 24° V. 
in Uie first seri<*s and at 28° in the second, while the average air tem¬ 
perature was 20° to 25° in both casi*s. Infection was gn*atesf at the 
SO^rcent level and least at 30-pereenl in both experiments (table 4). 

Tljc optimum temperatiin* for gniwth of F. avenaeium is appmxi- 
mately tlie same ns that required for rapidj stunly development of the 
potato plant (20° 24° G.) white the optimum soil temperature for 
mfection is some 4° high(*r. Thus although a difference of more than 
5° exists between its growth optimum and that of F. oiyspurvm, they 
appear to have closi>ly similar optimiun temperatures for infection. 
Infection by F. avenaeeum was more severe at 50 pereent of the water- 
holduig cApacity of the soil than at either 30 or 70 percent. Similar 
behavior was reported for F. oxysporum (5), while soil moisture has 
relatively little influence on infection by F. sohmi var. eumartii {6). 
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Table 3. —The effect of eoil temperature on tnfedton of potato plants by Fveartum 
avenaeeum at tu>o levels of soil moisture 


16 

20 

24 

28 

32 



Symptoms in plants In 4oil 
inoculated with F aivna< 
eeum at— 

Hyniptomb in iilantb in un- 
inoculatcfl soil at— 

Soil toniiierature (° C ) 

60 fiercent of 

40 iiereent of 

60 percent of 

40 percent of 


moHture- 

nioisture* 

moisture- 

moisture- 


boldinR 

holding 

holding 

holding 


eaiMieity i 

capacity < 

capacity > 

catmcity * 


PfTcent 

Pfremt 

Pirtent 

Percent 


0 

15 

0 

0 


50 

50 

0 

5 


62 

58 

10 

5 


04 

70 

5 

10 


72 

50 

0 

0 


> Avoragp of 5 rppliratob n*j)n'M»ntinR a total of 7b plauts. 
* AveraRf* of 5 replicates repreM‘ntiuR a total of 52 plants. 


Table 4,—The efffct oj sod moisture on infection of potato plants by Fusarium 
avenaeeum at constant temperature 


Water-liolditiR eaimoit} of (he soil fpercent) 


30 

50 

70 


> Average of 2 exiierinients representing a total of 40 plauts. £0 at 24° C and 20 at 28° C 

? Average of 2 cxiiennients representing a total of 24 plauts, 12 at 24° C and 12 at 28° C 

SEASONAL DEVELOPMENT OF THE DISEASE 

The expression of symptoms of the fusaiium vt ilts of potato pres«*nt 
a constantly changing picture in commercial fiehls in Wisconsin. In 
the northern half of the State infected plants display varying stages 
of rosetting and upwanl curling ol the h'avra. Tin* foliage parts are 
highly })igmented and the buds in the leaf a.xils are stimulated into the 
fonnation of aerial tubers. In the central and southern swtions, in- 
feetion usually ivsiilts in wilting and rapid collapse of the plants. In 
still other nu)re or less isolated regions of Wisconsin, tlie symptoms 
an* v(*ry typical of those <l(*seribi*d for eumartii wilt (6‘). Disease 
development is undoubtedly influencetl by the time and amount of 
ini(*ction and by the soil and climatic environments. The symptoms 
generally occur late in the growing season. This fact gives the im- 
pn'ssion that the potato vari(*ties wliich an* normally matun* in late 
August are mon* resistant than the late varieties. However, Goss 
(7, 6’,) has observed that the amount of inflation by Fvsarium is in¬ 
fluenced by date of planting as well as by variety. 

In order to obtain a more adequate oasis for the interpn*tatioii of 
the development of the wilt diseases tliroughout the st'ason, the fol¬ 
lowing experiments were carried out. Several varieti(*s of potato 
wen* inoculated by various methods and planted on several dates 
in each of two widely separated locations in the State. These studies 


R>n)ptums m 
plants in soil 
inocsilulMl 
with F atena‘ 
teumi 


Peretnt 

10 3 
53 5 
17 3 


K^iijptoins in 
plants in 
uuluuisil ited 
soil ^ 


Ptreent 


0 

0 

3 3 
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were conducted during three successive sc^asoiis. Plants affected witli 
avenaceum oxysporum wilt, and eumartii wilt were compared 
throughout with the uninoculated plants. 

PLAN OF FIELD EXPERIMENTS 

In 1937, a factorial experiment was conducted in the field at Madi¬ 
son, Wis., randomized hlocks being used. Four potato varieties, 
three species of Fuaariuw, and three methods of inoculation were 
tested at each of three dates of planting with the result that potato 
varieties, fungus species, methods of inoculation, and date's of plant¬ 
ing could be studied separately and in combination with each other. 
One-fourth of the total number of rows in the plot were uniiioculated 
controls. Two standard early, maturing varieties, Irish Cobbler and 
Bliss Triumph, and two late-maturing \arieties, Katalidin and Rural 
New Yorker, were used. Inoculation was made at the time of plant¬ 
ing in all cas('s. The tliree methods of inoculation emplojred, namely, 
plugged, presubeiized, and frc'sh-cut, have been described in the 
section dealing with inoculation methods. In several other tests, 
either com-meal-aand inoculum or inoculated, sterilized soil was 
added to the seed piece in a paper bag and then planted. Plantings 
were made on May 25, June 9, and June 22, in order to include the 
range of the usual planting season for southern Wisconsin. Note's on 
the incidence and severity of foliage symptoms were taken at n'gular 
intervals throughout the growing season. Tuber discoloration was 
recorded for eacli individual lot after harvest on October 5. 

The planting plan used in 1938 was similar to that of 1937. The 
three Fusarivm species and four potato varietie's were* again inedtideei. 
Six replicated senes were included, all planted on e)ne* date. 

^ In order to stud}" more fully the' e'ffect of envimnment on pi*oeluc*- 
tion of symptoins and on subse'ejuent elist'ase* ele'vc'lopme'nt, two loca¬ 
tions were used in 1939. In addition to the' plot at Madise)n, a plant¬ 
ing was made at Starks, Wis., near Rhinelander, approxiinatelv 200 
miles north of Madison. Planting in these two locations allowe'd 
for the study of the effect of two distinctly diffe're*nt environments e)n 
the development of the three wilt disease's. The plot at Madisein 
was set up to study the effect of three methods of inoculation Se'e*d 
tubers of Irish Cobbler and Rural New" Yorker were inoculate'd in 
three ways: By dipping freshly cut see'd in fungus suspension, by 
using inoculated soil in paper bags along w-ith the see'd pie'ces, and 
by employing barley-kernel inoculum in the same manner. Uninocu¬ 
lated anei inoculateel rows were randomized within each of three' 
replicates. The individual row size was increased to 50 plants for 
each inoculation as compared with 10 plants used in previous years. 
The purpose of the larger sample was to obtain greater uniformity and 
to determine whether any bias had resulted from the smaller tc'st 
rows formerly emploved. 

In the plot at Starks six replicates each of Bliss Triumph and Rural 
New Yorker were planted. Inoculations were made in two ways: 
Bjjr dipping frwhly cut tubers in a fungus suspension, and by the* use 
of artmcially infested soil. The plot was bordered on one side by 
grassland and on the other three sides by summer-fallowed ground, and 
was isolated from any other potato fields bw a distance of one-half 
mile. 

All experimental plots were sprayed frequently throughout each 
growing season writh bordeaux mixture and calcium arsenate. 
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SBASONAL DEVELOPMENT OF SYMPTOMS ON THE FOLIAGE 

Tho rate of di'volopment of top syiuptoiiis apppared to bp closply 
porrelatod with th(‘ ('xtent of iiifpction, and to bcvfavorpd by condition*^ 
coiiduciv(‘ to rapid dpplption of soil moisturp. Wilt-dispasp rpadiiiK^ 



Figure 7. Tlie oeeurreiicp throughout the groiiviiig ‘reason of distinctne signs of 
the disoane produced when four \arjcties of potato were iiioculated with each of 
tiiree wilt fuharia at Madison, Wis 


were repordod in the inoculated and uninoculatod rows as soon as 
positive symptoms appeared. The percentages of inoculated and 
Nninoculateil plants showing symptoms on the foliage at vanous 
(lates throughout the season for each of 4 potato \aneties and o 

42»394 41 —2 
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species of Fusarium in 1937, are shown graphically in figure 7. Thus 
each curve is based on the data from 90 plants. All plants which did 
not emerge wore counted as infected and because of the irrt^lar 
appearance of symptoms, the results from three dates of planting 
were combined. The time of appearance of s 3 miptoms varied with the 
individual host plant and with the sp(>cies of Fvsarium concerned. 
Some plants displayed definite {%ns of toe disease soon afh'r emergence, 
while others remained apparently healthy until the approach of 
maturity. Inoculation with F. sdatii var. eumarHi produced the 
earliest symptoms and consistently showed the greatest percentages 
of infection, while^ f. avenaeeutn and F. ot^spt»vm maintained a 
lower level of infection but caused a ramd rise in the number of plants 
showing symptoms late in the season, ^e symptoms of F. amiawum 
were better defined, and therefort' tiie curve for that specira is higher 
than that of F. oiysporum. F. solani var. eumarlii is clearly shown to 
be the most aggressivo parasite as measured by both eaiiiness of 
disease development and by the percentage of plants affected in all 
varieties. The percentage of diseased plants in the uninoculatt'd rows 
was uniformly low. 

^mewbat lower percentagi‘8 of affected plants occurred with Bliss 
Triumph and Katandin than with Irish Cobbler. These (liffenMiees 
are consistent with those discussed later on tuber discoloration in the 
same varieties. The lower percentages of infection recorded tor Knral 
New Yorker are explained in part by the fact that in this variety, 
as well as in Russet Rural, symptoms often consist only of tip burning 
and dropping of the leaves. These symptoms wen* not distinctive for 
any individual species of pathogen and were not n'corded, then'fon*, 
as positive signs of the diseases concerned. 

To demonstrate the ^validity of the graph in figun* 7, a measure of 
the time required for the appearance of symptoms, that is, the aA er^e 
number of days to the appi'aranee of symptoms was calculated, using 
the time elapsing between planting and the first appearance of symp¬ 
toms for eacn plant and giving a viuue of “zero days” to all noneinerg- 
ing plants and to plants which died within 1 week after enu'rgence. 
Healthy plants, i. e., those showing no symptoms before maturity 
were jpven a value of 200 days. L(>w numbers^ thetefon*, indicate 
early infection and symptom production, while hmher nuinbers 
approaching 200 show that the plants were healthy thnuighout tlio 
season. If the foliage and tuber symptoms were closely correlated a 
statistical analysis of foliage symptoms would give results closely 
comparable to those obtained for the tuber symptoms. 

The corrt'lation between the time required for symptom appearance 
and the amount and severity of tuber symptoms is shown in table 5. 
A negative correlation (r*=—0.27) was found between the days re¬ 
quired for symptom expn‘ssion and the percentage's of tubers showing 
symptoms. For the correlation of days and disease index a sisniificant 
correlation value was obtained (ri=—0.79). The difference between 
the two correlations Zi-=0.79±0.47) was significant. These 
relationships show that days and index values wen* significantly more 
ooiqparable than were days and percentage values. In other words, 
as the time required for primary-symptom expression increased, there 
was corresponmngly less tub<*r infection and tRe 8ev(*rity of the latte? 
deen>ased. It wnl be noticed that the inverse relationship for days 
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as compared with the amount and degree of tuber infection is main¬ 
tained m general throughout tables 5,7, and 8. Analysis of variance of 

Table 5.- CorreUUton of the time required for the production of foliage symptoms 
imth the percentage and index of tuber dtscoloraiion at Madison, Wis., 1987 ^ 



Average time 



Spedts of Fusanum and potato variety 

reiiuired for 
symptom ex¬ 

Vascular discoloration 
of the tubers 

F. avenaeeum. 

pression 

Dueate 


Day» 

tndet Percent 

Bliss Triamph 

126 

3 

11 

Irish Cobbler 

96 

10 

31 

Katahdin 

142 

5 

19 

Rural New Yorker 

P. tolant var. eumartn 

136 

17 

51 

Bliss Triumph . 



47 

Irish Cobbler 

64 


70 

Katahdin 

92 


55 

Rural Ne^ Yorker 

108 


61 

J oiifgporum: 

Blibs 'rriumpli 

171 


12 

Irish Cobbler 

144 


24 

Katahdin .. 

142 


*9 

Rural New Yorker 

176 


43 

Total 

1.482 

224 

443 

1 Ti of days and index » - 0 79 n of <la>s and iiens'nt 
.'i-IKToent lovel of siKnifloanoe, for 10 degrees of freedom, r » 0 58 

- 0 27 Fi- 7i 

r- n 79 0 17 \t the 




the values for the number of days to symptom expression gave significant 
differences similar to those found when the data on tuber symptoms 
were analyzed. 

The abov’^e correlations (table 6) were derived to ascertain the general 
association of foliage symptoms with the amount and severity of 
tuber symptoms. It cannot b<» (xmcliided that these relationships were 
always constant, since the type of symptom expressed was influenced 
by the effect of the species of Fusarium, variety of potato, and by 
several factors of the environment. These variations are discussed 
elsewhere in the text. 

DEVELOPMENT OP SYMPTOMS IN THE TUBER 

Vascular discoloration of the tubers from infected plants was used 
as the criterion for measuring the effect of the various inoculations and 
treatments, and while it did not always indicate tuber infection, 
the association of stem infection and foliage symptoms with tuber 
discoloration was definite. The amount of the lattcT arising from 
chance contamination by fusaria or other causes was estimated from 
the controls which were placed in om* row out of every four .throughout 
the plots. The differences between uninoeulated and inoculated lots 
were ascribed, therefore, to the action of the particular species of 
pathogen used in the inoculation. 

The extent of vascular discoloration in each lot of tubers was 
recorded in four arbilraiy grades as follows: Clean — no vas(*ular browii- 
ing beyond Ji inch from the point of stolon attuchment; slight—• 
discoloration of all vascular elements up to inch, or of several 
strands up to 1 inch; moderate—all elements discolored % to I inch 
from stolon attaclunent or a few strands farther than 1 inch; severe— 
greater depees of infection than (he moderate pade. The per¬ 
centages of tubers showing symptoms were* determined for each lot 
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and tbo indiccMS of vascular discoloration were calculattHl on the basis 
of the following class weights: 0—clean, 1—sl^ht, 2—^moderate*, and 
5—severe. There was a definite correlation between the percentage 
of diseased tubers and the tuber-disease index, but the latter was? 
a better measure of severity of infection of the tuber and it correlated 
more closely with llie foliage-symptom index already presented in 
table 6. 

The influence of the method of inoculation on tlie dexelopinent ol 
tiibc^r discoloration as expressed by the disease indc^x is shown in table* 
(). Among the three methods used in 1937 no appreciable differ<*nce 
was noted with F. orysporum, tlie fresh-cut ni(*thod was somewhat 
better in the case of F. arenaceum, while the plugged method was 
definitely inferior to the other two in the case of F. si^ani var. (uimutii. 
This is not in accord with the greiaihousc* inoculation (*xperLments 
(table 1), where the fresli-cut method gave consistently a higher tuber- 
disease index for each species than did the presuberized nn^thod. In 
1939 the fresh-cut method was compared with in(*lhods in which in¬ 
oculated soil and inoculated barley, respc'ctively, were used. The* 
former of tlu*se I’csulti'd in the highest tuber-disease index with each 
species, although in the case of F, aremceum and F, ojrgsponnn the 
differences w(‘re not great enough to be* significanl. 

Table 6. Tht effect of method of inoculation upon dictlopment of tuhu symptoms 
as expressed by the tuber-disease %ndix^ Madison, ll'iA, 1937 and 1939 


MethtKi <)f iiKKiilntioii 


Plugged 

Presuborired 

FriMih-cut 

Inoculated-siiil 

Inoculated-tmrlev 

Axerage 


development id tubers from plants 
inoculated vxith 


h avfuacfum ■ / oip^iforum 


t iotamsnr 
lumartii 


I niiMKiilated 


1»J7 


tyav 


Dnease 
' mder 
0 3 
78 
II S 


Dtneay 

tnitr 


9 i 
12 9 
10 u 


1917 

1919 

1917 ' 

' 1919 

Jhsfasf 

1 

Ptvaff 1 

1 

1 /JiffflV 1 


tndu 

indti 

indtf 

indii 

7 2 

1 

' 2h9 ' 


H 5 


14 9 


ft 1 

JO j 1 

1 « V 

21 9 




41 0 


1 10 7 


117 


1917 


1919 


lustatf 
tndfi 
0 H 
2 I 
] 1 


Iltseav 

indfi 


1 K 
*» 9 
K 5 


8 5 10 9 


ti 7 

I 


10 9 


40 K 


12 9 


6 1 


Gofw (^) ropurt(>(l that parly planting inerpased tubpr infpction by 
funaria in tlie field. The differpncp in infpption between planting 
dates m 1937 was measured by the average number of days required 
for the appearanec of foliage symptoms, by the pereentage of diseased 
tubers, and by the tuber-<lisease uidex (table 7). Significantly greater 
infection was produced by planting inoculated seed-pieces on May 2.) 
than on June 9. No ditferonee in the time requinnl for foliage-symp¬ 
tom production appeared between tlie planting of June 9 and that of 
June 22, although significant differences between these dates in per¬ 
centage and severity of the tuber symptoms did appear It is ap¬ 
parent that the influence exerted by F. solarii var. eumarfii is rt'spon- 
sible-for the differences obtained betwwn the averages of the first two 
dates of planting. A marked d(>crease in tlie amount and degree of 
infeetion with all three pathogens was found at the last planting date. 




T\bl^ 7 —The effect of three planting dates on symptom production by potato plants inoculated uith three different species of Fusanum, as 
expressed by the avetage number of days required for appearance of symptoms on the foliage the percentage of diseased tubers and the disease 
index of tubers Madison^ H"!® , 1937 

[F«ich fleun* n pn tnt** the data from liP i.lant'*] 
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The diflFerences in tuber discoloration between varieties of potato 
are shown in table 8. It is apparent that the expression of foliage 
symptoms (fig. 7) and the omoimt and severity of tuber symptoms are 
inversely related. Early fol^e symptoms are found on Irish Cobbler; 
Bliss Triumph and Katahdin varieties showed symptoms later in the 
season. The atypical foliage ^mptoms on Rural New Yorker made 
accurate recording diflicult. TVo definite levels of tuber infection 
were foimd. Irish Cobbler and Rural New Yorker were more severely 
affected than were the Bliss Triumph and Katahdin varietus. One 
early-maturing and one late-matuiing variety were included in each 
group. Previous observations under natural field conditions had 
mdicated that the late-maturing varieties were more subject to disease 
attack, while the early potatoes appeared to be more resistant or 
escaped the disease. In the light of these results, the slight difference 
in resistance between varieties is a function of_ the individual variety 
and is not dependent on early or late maturity. Tlie tendency of 
the early varieties to show very little of the fusarium wilt diseases in 
Wisconsin is probably due to the fact that they escape the period 
of most favorable environment for exmession of symptoms, which 
normally occurs late in the season. The differences observed be¬ 
tween varieties are in agreement with those reported by Goss (7), 
who found Bliss Triumph to be more resistant to F. aolani var. 
eumartii under field conditions than was Irish Cobbler. 

Notes wen* taken previous to maturity on the amount rad severity 
of stem and tuber discoloration in individual plants of Bliss Triunipn 
rad Irish Cobbler varietu's. Tubidation of these data seemed to 
indicate a relationship between stem and tuber discoloration Cor¬ 
relation of these values on a percentage basis is shown in table 9. 
Positive comdations were found for Irish Cobbler, r = -|-0.75; for 
Bliss Triumph, r — -1-0.49; and for the total, r — -t-0.(53. The values 
for Irish Cobbler rad the total are significant, but the difference 
between those for Irish Cobbler and Bliss Triumph is not significant. 
The pi‘rcentage and severity of stem Infection, as the plants infected 
with F. avenaceum and F. o^aporvm approach maturity, is coinmonly 
greater than tuber infection. With F. aolani var. eumartil, per¬ 
centages and indices of stem and tuber infection more nearly approach 
the some level. A definite association of foliage symptoms with 
stem discoloration exists. Individual stems showing aerial symptoms 
or wUting toward the end of the growing season were usually found to 
show discoloration of the vascular elements in the below-ground por¬ 
tion of the stem. From the data presented above, one may assume 
that vascular discoloration of tlie tubers is an adequate measure of 
infection where statistically significant differences ore obtained follow¬ 
ing field inoculations. 

The data discussed so for with reference to the occurrence of tuber 
symptoms in field experiments were collected in 1937 and 1939. 
Those collected in 1938 were not included because a severe epidemic 
of lato-blight tuber-rot in the expirimental plot made the analysis 
of results difficult. A tabulation of the rotting observed in various 
lots showed the differences in results between varieties of potato but 
not between the fungus species and controls. For this reason. Rural , 
New Yorker was not included in the analysis, and Irish Cobbler ,, 
Bliss Triumph, and Katahdin were treated separately. ' 
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Table 9. —CorreUUion of iht percerUagett of stem and tuber infection on two 
varieties of potato > 


fKach llKiire n'prvsent** the data fn)in »0 plants] 



Irish Cobbler ' 

Bliss Triumph 

Slides of imthoRon and 
method of inoculation 

Vascular discoloration 

Vascular discoloration 


In stems - 

In tubc‘ra~ 

In stems - 

In tubers— 

F orynjwnm, 

Kresh-cut 

l^erceut 

Percent 

22 

1 

Penent 

15 

Percent 

30 

I’rcsulMTized 

52 

85 

37 

17 

PlURglMl . 

5V 

43 

25 

8 

r. mtttui var tnmartii 




Krosh-cut 

100 

82 

87 

80 

I'resubeiired 

94 

80 

80 

06 

PlUKROd 

KNi 

77 

70 

39 

r avenaceum 





Frcbli-cut 

94 

59 

87 

28 

Pn*sulH*ri7ed 

83 

W 

94 

18 

J'liiRRed 

G5 

27 

58 

7 

Total' 

7Jt) 

475 

5fi7 

302 


> ri for (\)b!iler «»■ +«7'», rj for Iriuinph -« +0 49, n for total — +()W At tho 6-iKrc'pnt l<*\el of 
MKuiflcanie for Ift® of frecdoiii, r *• 17 7 of fretHlom, r— 07 
* (liand total for \ascular di<touloration in stems, 1,207, m tubers, 777. 


Statistical calculations on the percentage and index of tuber infec¬ 
tion showed that F. aolani var. eumartii produced signihcantly more 
infection than did the other species, whereas there was no significant 
difference between avenaceum wilt, oxysporum wilt, and tne con¬ 
trols. Since it was possible that the variations caused by late blight 
rot were masking tlie differences, a square-root traiisformauon analysis 
was calculated, in which the square root of the percentage value for 
each lot was extracted and an analysis was computed from these 
values (table 10). No attempt will be made to prove the validity of 
such calculations on these data, but transformation analysers navo 
been succ(*safully used to demonstrate the significance of small differ¬ 
ences occurring between samples when these differences were over¬ 
shadow (h 1 by other samples with higher values (3). F. mlani var. 
eumartii again show(*d significant difference's in infection throughout. 
When transformation value's were compared, the percentages of dis¬ 
colored tubers from Katahdin plants inoculated with F. oxysfMrum 
and from Irish Cobbler plants inoculated with F, avenaceum were 
significantly greater than those from uninoculated plots. 


'Parle 10 —The avtrages for the percentages and square-root transformation of 
vascular discoloration produced by the three species of Fusanum on three varieties 
of potato at Madison, IP/a , > 

fKa<*h flKuro rvpre*«ents the data from 120 plants] 


I'otatci 

variot} 


Blm Triumph 
Irish Coblilur 
Katahdin 


A\oragp 



Inoculated with 













rmnoculatcd 

Averafo 

F avenaceum 

F. sdani var 
tnmartn 

F oiyaporum 





Vat 

PiTCtni 

7 84 

Percent 

JN 

Percent 

Vat 

Percent 

Viv 

Percent 

3 32 

MSB 


4 27 

18 5 

3 49 

12 8 

4 73 

27 1 

3 90 




3 52 

13 2 

1 97 

8 0 

4 37 

25 6 

2 M 

■rii 



3 70 

14 5 

1 .50 

4 7 

3 21 

14 5 

- -r- 




— 

— 

— 

— 

__ - 

3 30 



53 2 

3 81) 

15 1 

2 32 

8 5 


“ 


‘ Tho ditTenmoes roquirvd foi uRuificanoe betae^m Fusarmm spot les and control at the 5 percenUovel tor 
poroentagps tn Bliss Triumph i& 13 8, Irish Cobbler 11.1, and Katahdin IS 0, for v N, 10 hetwwn 
spcc'ios and controls, 0 fl between varieties and 1 7 (varietyXs|M>cie<i) for oompannR species with each other 
or with the control within a variety. 
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RELATION OF ENVIRONMENT TO DISEASE DEVELOPMENT IN THE FIELD 

Soil and air temperatnros and rainfall wore studied in relation to the 
seasonal development of the three diseases. In 1937, the daUy mean 
air temperature was at or above 24® C. for a period of 38 days, July 11 
to August 17 inclusive, and the daily mean soil temperature for llie 
same period was at or above 26®. There was a close correlation be¬ 
tween soil and air temperature. 

A direct relationship appeared to exist in which temperature, soil 
moisture, and the amount of inffH*tion directly influenced the rate of 
increase in the severity of symptoms. The effect of environment, 
while one of predisposition to infc'ction, could not be measured on 
noninfected plants, and since infection did not occur on all inoculated 
plants, there seemed to be an element of chance involved in infection 
and the degree of disease development in the individual plant. The* 
symptoms on one plant, however, ultimately readied the same level 
of severity as that on any other plant affected by the same disease 
It was in this changing picture, rather than in the percentage of infee- 
tion, that the effect of environment was most apparent. 

Ijow soil moisture, together with high soil and air temperature 
following infection, increased the severity of disc^ase symptoms and 
resulted in the rapid collapse of the individual diseascul plant. The 
intervention of a light rain, even though the tempcTature remained 
high, extended tlie period between the first visual symptom and 
deatli. These phenomena may be influenced by the rate of transpira¬ 
tion of the plant and the amount of available moisture^. 

Soil and air temperatures were low in 1938, and pc^iiods of rain and 
cloudy weather were more frequent and more evenly distributed than 
in 1937. The foliage symptoms of the oxysporuin and avenacenni 
wilts were not distinct. Eumartii wilt, on the other hand, displayed 
early definite symptoms, and continuous symptom expression oc¬ 
curred throughout the season, although the number of infected plants 
ill 1938 was not so great us in 1937. 

Foliage-symptom development at Madison in 1939 was intennediate 
between that found in the 2 previous years. f\ solani var. eumartii 
consistently produced symptoms of interveinal chlorosis of the apical 
leaves, followed closely by leaf-burning and dropping of the lower 
leaves. Plants affected by averiaceum and F, ojrysporum showed 
only severe leaf-burning in tlie more advanced stages of the respi'ctive 
diseases. These* effects were not gen(*rally disc(‘niible from drought 
or leafhopper injurv and no definite differenc(*s in symptoms could be 
detected between the two fungus species. The eff(**cts, however, were 
elecidedly more pronoimced on the inoculated plants than on the 
control plants. The progression of disease on tne individual plant 
was apparent, as in former years, and resulted in premature death. 

In the study of the three inoculation methods, the earliest expres¬ 
sion and most rapid increase in severity of foliage* symptoms were* 
observed where the barley-kernel inoculum was use*d. The infected 
plant was killed in a shorter time after the presence* e)f the disease was 
indicated. Infection from inoculated soil was not as rapid nor as 
severe while the dip inoculation produced the mildest type of infe*ctioTi 
as measured by foliage symptoms. 

The te*mpe*rature at Rhindander in 1939 waf consistently low(*r thaf| 
at Madison when the me*an daily temperatur(*s of the two locations 
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aiT compared (fig. 8\ The dmly minimum, or night temperature, at 
Rhinelander was generally 8° to 10*^ C lower than at Madison, while 
the daily maximum, or day temperature, was similar in the two 
lo(*ations. These facts accounted for the similarity in the trends of 



mean daily temperatures for the two environs, and the lower daily 
mc'ans at RhinclaudiT It is possible that the lower mean tempera- 
'"^ture and the* greater daily fluctuation found at Rhinelander were 
largely ri^sponsible for the different symptoms produ<*ed in tin* northern 
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Th(> infoi'UH] plants at the northern location allowed varying symp¬ 
toms of yellowing and bunting of the leave's tliroughout July and early 
August.' When "notes were taken on August 12, however, there was a 
marked change in symptom expr(>8aion. Numerous infected plants 
of both Bliss TOumph and Rural New Yorker varieties hod taken on 
the eharaeteristic purple-top appearance. There was an upward 
rolling of the leaf-margins, accompanied by a harsh, almost leathery 
texture of the leavra. The axillary buds were stimulated into the 
formation of aerial tubers (figs. 2, 3) which were deep red to purple 
in color. The adjacent stems and petioles were abnormally thickened 
and frequently earned traces of the red or puiple coloration, as did 
the apical lean's of infected plants. Aerial tubers were not produced 
by infected plants at Madison in 1939 nor in previous years. 

The 2 weeks preceding August 12 at Rhinelander were characterized 
by several showers, ending a period of relatively high temperature 
aiid low moisture (iig. 8). The average temperature at this time 
showed a do^ward trend which was a result of the lower night tcmpi'r- 
atures. It is possible that the liigh soil moisture accompanied by 
cooler temperature is rraponsible for the production of purph'-top 
symptoms on the plants. Similar symptoms appeared in commercial 
potato fields of this region at tlie same time. 

The differences between the Fusarivm spet'ies in their symptom 
production at Starks, in the northeni part of Wisconsin, are seen in 
table 11. Eumartii wilt produced the most severe leaf burning and 
wilt, while the yellowing and tip burning in plants affi'cted by aveiia- 
ceum wilt and by oxysporum wilt were greater than in the control 
plants. A small numoer of plants infected with F. xolani var. eumartii 
and F. oxysporum produced purple-top symptoms, ami a limited 
number of such plants were found in the control rows. Avciiaccuiii 
wilt produced the greatest number of plants exhibiting this synijitom. 
All such plants evidenced fusariiim infection of roots and stems, from 
which the respeclive organism was reailily reisolated. In a similar 
plot at Madison, in the southern part of the State, no symptoms of 
puiph' top were producwl. 


Table 11 .—The produetton of foliage and tuber tumploms on B vanetteeof potato by 
S npeeies of Fvtanum at /flark$, Wu , 19S9 

(Each figure Fopn>spnts 150 plants] 


rianth showing foliage symptoms 


Species of Ftuanvin and variety potato 


Bli&s Tnnmph 

F M/ant var eiimartn 
F amaetum, 

F oxptporum 
(Jnmoeulated controls 
Rural New Yorker 

F solatit var. ^umartti 
F^atenaeeum 
F orjffporum 
Uninooulated controls 


Wilt or spsere leaf 
burning 

J’urple-top 

symptoms 

Tuber symptoms 

Auk IK 

Sept 3 

Aug 12 

Sept 3 








Dieeate 

Ptmra 

Percetit 

Percent 

Percent 

Percent 

index 

82 5 


4 4 


54 5 

24 7 

63 0 


2H 6 


23 7 

10 5 

88 0 


11 8 


22 2 

11 6 

24 6 


36 


4 5 

1 5 

79 7 

100 0 

9 3 

7 2 

52 1 

28 6 

81 9 

850 

41 2 

48 0 

299 

17 2 

24 0 

100 0 

58 

5 8 

20 9 

8 1 

12 0 

87 0 

3«6 

7 

49 

1.5 
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Tho plants showing piirplo-top symptoms sometimos evidoncod a 
tendency to set underground tubers elosp to the stalk of the plant. 
In oUier such plants, normal tuber setting was found. Tubers from 
the infected plants displayed vascular discoloration and infection 
similar to those found in the plot at Madison and with natural infec¬ 
tion in the field. The relation between tlu» three fungus sp(»cies in 
their ability to cause tuber infection at the Starks plot was similar to 
that found at Madison in 1939 and in previous years. 

DISCUSSION 

Examination of the literature disclosc^s many potato disorders 
which produce similar macrosopic and microscopic effects on the host 
plant. In a review of leaf roll and associated trouldes, Orton in 
1914 (/5, p. 19) stated, “The literature on leaf-roll has become so 
voluminous that few will undertake to peruse all the contributions, 
which are, indeed, of very uneven merit, and anyone who attempts it 
is likely to emerge with his concepts of the disease^ more confus(‘d anci 
hazy than at the start.” Since that time the symptoms and modes 
of transmission of the virus disease known as leaf roll have been defined 
more fully and the distinction of this disease from others with which 
it has symptoms very much in common has been more fully recognized. 
The history of the term “Blattrollkranklieit” has Ix^en ably reviewed 
by Pethybridge (16*). In recent years, psyllid yellows has been dis¬ 
tinguished as a member of the same symptom group, while another, 
the ring rot disease [Phytomonas sepedonica (S. & K.) Bergey oi al.j 
is receiving an increasing amount of attention in this country. 

Since a common host reaction is displayed when any one of a number 
of stimuli is present in a favorable envinmment, it is not surprising 
that quite similar symptoms are repirted in association with many 
unrelated causal entities. It is probable that other weak parasites, 
possibly other species of Fumrium not yet described on potato, are 
capable of causing similar host reactions when conditions of environ¬ 
ment favorable for infection are followed by temperatur(*s and soil- 
moisture conditions which promote the expression of such symptoms. 
The disease with which F, aoenacenm is associated is similar in its 
symptoms to several other diseases but it also differs from them in 
certain respects. 

The foliage symptoms pitxhiced by the wilt diseases served as one 
method of measuring infection. Increase in severity appiaired to be a 
function of the relation between the amount of infection in a plant and 
climatic conditions which hastened the depletion of soil moisture. A 
visible association between foliage symptoms and the amount of 
infection within the stem and itiots appeared. A relationship also 
existed between the amount of stem infection and the amount of 
vascular discoloration in the tubers. 

The time of appearance of foliage symptoms was also used as a 
measure of disease incidence. The average time which elapsed between 
inoculation and the expression of symptoms was treated statistically 
and was found to express the same relationships between various 
tests as did tlie data obtained from records on the vascular discolora¬ 
tion of the tubers. Vascular discoloration of tubers as expressed by 
the tuber-disease index appeared to be a reliable method of expressing 
the differences between the rates of disease development in tho tost 
treatments. 
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Gtoss (6,6, S) lias emphasized the fact that F. solan i var. eutmtiii is 
a more aggressive parasite on potato than is F. o^sporum, and he 
states clearly the difference between the patliogcnicity of these two 
species. In the field experiments reported in this paper these specii>s 
together wiUi F. apenaeeum have received identical treatment in the 
experiments upon methods of inoculation, date's of planting, and the 
host varieties tested. Disease r(>cords were taken at the same time 
and in Uie same manner, and the inoculatiHl plants in any one series 
were subjected to identical conditions of envinuiment throughout. 
The individual inoculations were randomized within replicati'd blocks 
to minimize any bias and to r(.>duce the error involved in the accumu¬ 
lation of data. 

The effect of the pathogenic species on the production of potato wilt 
and tuber discoloration is seim throughout the tabular pri'sentation of 
the results of tliree seasons’ work (tables 5 to 11, inclusive). Inocula¬ 
tion with any one spmes has resulted in a greater amount of vas(*ular 
discoloration of stems and tubers than was found in the uninoculat<>d 
])lants. The small amount of natural infi'ction in the control plants 
did not interfere wiUi the statistical treatment of the data nor with 
the comparison of the three species of wilt pathogens The relation 
betwei'ii the diseases caused by the spwit's of Fusanum and the control 

S lants was the same when measuriHl by 50-plant samples in 1939 ns 
y 10-plant samples of the two previous years. 

Inoculation with F. solani var. eumaiiit resultwl in tlie early appear¬ 
ance of foliage symptoms, a high rate of plant mortality, and a high 
percentage of severely infected tubers. The percent ages and seventy 
of foliage and tuber symptoms were consistently greater, and were 
frequently double that exliibited by plants inoculated with F. onj- 
sporvm or F. avenaeeurn. Eumartu wilt was infiiienciHl most by ilif- 
ferent dates of planting, by different methods of inoculation, and by 
the varietu*8 of the host plant used, although similar trends were 
recorded for avenaeeurn wilt and oxysporum wilt. F. solani var. 
eurmtfii is capable of attack!^ the host plant under conditions of 
moisture and temperature which are optimum for the development 
of the host. 

F. o^spofum was a less aggressive parasite than F. solani var. 
eumartii and the effects of oxysporum wilt wiw apparent later in 
the growing season. In this respect and in other ways, F. apenaeeum 
and F. oxysporum were similar. Both avenaeeurn wUt and oxysporum 
wilt ore lat(|-seasou diseases in Wisconsin, and both produce the 
greatest wilting effect on the host plants either during or followmg 
a period of hot, dry weather. F. avenaeeurn and F. oxysporum were 
similar in infectivity when the diseases were measured by foliage 
symptoms or by the percentage and wverity of discoloration in the 
tubers. No significant statistical differences were found between 
the disease effects produced by tliese two fungi. Infection in the 
control plants was consistently lower and infection by F. solani var. 
eumartii was always higher than that produced by either avenaceiun 
wilt or oi^ponun wilt. 

The mi^arity of behavior of F. avenaeeurn and F. oxysporum ob- 
servf'd throughout this series of experiments is of interest when the 
growth-temperature relationships of the two fungi are considered., 
A difference of 6® to 8® C. was found for the optimum growth of the 
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two spocif's on artificial inc^dia. However, th(> conditions of tempera¬ 
ture and moistm'e whi<*h favored infection and disease development 
were similar for the two pathogens. 

Differences found betwec^n inoculation methods could generally be 
correlated with the abundance of fungus inocmium near the roots of 
the potato plant. The effect of allowing the seed pieces to heal before 
inoculation was not us gn^ut as was to be exiiected and did not influ- 
c‘nee the percentage of diseased tubem. The s<»verity of disease in 
the tubers was greatest and foliage' symptoms appeared earliest when 
seed pieces were inoculated by dipping in a spore suspension oj* when 
inoculated soil or inoeulated barley kernels weri' placed in prox¬ 
imity to the seed piece at the time of planting. 

Early d(‘ath of the plant due to seed-piece infection by wilt fusaria 
was not found commonly under Wisconsin conditions. This effect 
was observed only when a lai'ge amount of inoculum was placed in 
(*ontact with the seed pi<»ce. -Favorable soil moisture and tempera¬ 
ture at planting time probably aid in the formation of wound cork 
and allow the plant to become established to the extent that seed- 
piece infection does not result in early death. 

The effect of different planting dates on the incidence of the wilt 
diseases may be partially accounted for by the* favorable influence of 
the moist soil early in the season. Cool* soil temperatures were es- 
p(‘cially favorable to infection by F, mlani var. eutrmrtii at the early 
planting date, while soil moisture had decreased and soil tempera¬ 
tures had increas(»d at the lat(u* dates of planting. 

The diff(‘rences betw(M‘n potato vaneties in tlnj amount of wilt 
observecl is in agreement with previous reports in the literature. 
These differences may vaiy, however, with the (aiviroiiment, sinc(* 
changes in date of planting and harvest, recording the disease data, 
and othcT factors may influence <lifferently the" level of infection de- 
t(Tmined for each variety. 

Ijcaf rolling, reddening and rosetting of the* foliage, and production 
of axillary a(‘rial tubers are common with avenaceum wilt in north- 
(‘rn Wisconsin. These effects are not usually observed in the soiitliern 
part of the State, (^ool night temperatures or a fluctuating daily 
temperature appear to play some part in the production of tlu'se 
purple-top symptoms when the soil moisture is sufficient to prevent 
rapid desiccation and wilting of the infected plant. 

SUMMARY 

Numerous diseases of potato have been described, the symptoms of 
which exhibit striking similarity to the various stages of the wilt 
diseases caused by Fuftarivm avenaceum. The symptoms of avena¬ 
ceum wilt are compareil with those of other diseases, including 
euinartii wilt and oxysporum wilt. F. avenaceum is compared with 
both F. oryKoomm and F. mlani var. eumartii throughout the paper. 

A strain of F, avenaceum isolated from diseased potato plants was 
capable of infecting and producing vascular discoloration of the wots, 
stems, and tubers of inoculated plants under both gi*eenhousc and 
field conditions. Si'veral single-spore lines of this culture differed 
^slightly from each other in their attack on the host plant. 

Penetration of the roots occurred rapidly when iiiocidated with 
each of the* tlm^e pathogenic spwies. Hypnae of each of the fungi 
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were found in the roots and lower stem infected plants. The mycelia 
of F, oxysmrum were closely confined to the xylom vessels of the stem: 
those of F. avenaceum occurred abundantly in both the vascular ana 
cortical tissues of the lower stem, while Uie mycelia of F. solani var. 
eumartii were most abundant in the stem cortex. Heavy-walled 
xylem cells filled with a dense sraniilar deposit and disintegration of 
certain cells of the phloem and xylem of the stem were foimd to be 
associated with infection by each of the three pathogens. Abnormal 
effects in the host tissues in advance of fungal invasion were greatest 
in plants inoculated with F. solani vor. eumartii. 

The air temperatures which favored optimum growth of potato 
and of the strain of F. avenaceum used were found to be between 20® 
and 24° C. A higher soil temperature (28°) was most favorable for 
infection of the potato plant. A moist condition of the soO, with the 
water-holding capacity maint^ed at 50 per cent, was more con¬ 
ducive to infection than were either dry or wet soils with the moisture 
capacity at 30 or 70 percent, respectively. 

Inoculation of tlie seed pieces at planting time was used successfully 
to induce development of the three wilt diseases in the field experi¬ 
ments. l^e effects of various treatments were measured by the 
time required for foliage symptoms to appear and the severity of 
tuber symptoms. These two criteria of infection were treated statis¬ 
tically. Differences occurring between methods of inoculation ap¬ 
peared to bo closely correlated with the amount of inoculum in 
proximity to the plant. 

Irish Cobbler and Rural New Yorker varieties were more suscep¬ 
tible to attack by the wilt fungi than either Bliss Triumph or Katalidin 

Early planting of inoculated seed pieces resulted in a greater per¬ 
centage of infection and in more severely diseased tubers than did 
late planting. 

Eumartii wilt was the most a^essivc and resulted in the greatrat 
percentage of severely infected plants. F. avenaceum was similar 
to F. oxysporum in the percentages of infection, tlie severity of diseobe, 
the time of appearance of foliage symptoms, and the temperature 
most favorable for infretion. The two pathogens differed slightly 
from each other in their temperature r(*quirements for growth and 
the symptoms produced on infected plants. 

Infected plants at Storks, in the northern port of the State, displayed 
leaf rolling, reddening and rose! ting of the foliage, and aerial tubers 
in the axils of the leaves. This type of symptom was not pronounced 
in a similar plot at Madison in southern Wisconsin. The greatest 
percentage of plants showing purple top resulted from inoculation 
with F. avenaceum, some were found associated with oxys^iorum wilt, 
but few with eumartii wilt. 
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MICROBIAL RESPONSES TO ORGANIC AMENDMENTS 
IN HOUSTON BLACK CLAY* 

liy Roland R. Mitchkll, agrnl, Divinon of Soil Microbiology, J \mk8 K. Adamb, 
noil iechmdogisi, Division of CoUon and Other Fiber Crops and Diseases, and 
Gharlbb Thom, principal mycologist in charge, Division of Soil Mirrohiology, 
Bureau of Plant Industry, United States Department of Agriculture ’ 

INTRODUCTION 

King (5)* and varioiia ('olleagiies in a soiios of pupoi-s reported the 
control of cotton rool rot {Phymatoirichvm omntromm (Shear) Dug.) 
by the application of lai^e amounts of stable manure to lrri|:ated plots 
of alkaline soil in Ariaona. l^eliminary rraults, espwially those 
obtained by the use of Cholodony slides (fi), pointed to great increases 
in the microflora of the soil as accompanying, perhaps causing, tlu' 
reduction in growth and activity of the root mt fungus. Since the 
same disease has produced losses in th(> cotton crop running into 
millions of dollars each year for over half a century in Texas (S), 
study of soil microbiological aspects of the ]>roblehi under Texas 
coiufitions was necessary. 

The soils infested witii the root rot organism in Texas belong to the 
Houston aeries and related soil types. Tlim* soils (‘onstitute the black 
land prairie areas of Texas; they are alkaline in reaction, ranging from 
alK)ut pH 8 to 8.5 or even 8.7." Tliey foim a group of highly colloi¬ 
dal and closc-textured ealcaiwus typw, with high moisture-holding 
cajiacity and with a tendency to become very hard and to crack in 
dry periods. Thus they nrosent a piDnounctHl contrast to the northern 
and eastern soils, whicli tiave formed the basis for most studi(‘s of the 
micnibial floras of American soils. 

Microbiolo^cal studios of Houston soils, exclusivt' of those dealing 
with the distribution of the PhyntaMrichim fungus, have hc(‘n limited. 
Werkenthin {14) isolated and identifiwl someof thesapi-ophyticnjolds 
of the Austin region; Morrow et al. (8) isolat(>d and identinwl the mohl 
flora of another'orea; Williams (18) noted some bacterial contents of 
virgin and cultivated soils; and Lewis (7) determined the ilistribution 
of green fluorescent bacteria in st'veral Texas soils, including Houston 
clay. As a backgnumd for planning further experimentation with 
thm* difficult soils, a comparative stiuly of micntbial floras under 
envimnmental conditions presented by certain 8eh*cted plots in 
cotton fields is reported here. 

EXPERIMENTAL PROCEDURE 

Field-soil samples were taken periwlically from No^ ember Tl, 1937 
to Deci'mber 15, 1938, from plots under different types of emp man- 

1 Ht^renrU for publication Afiril 2, 1041 'I'hf niicrobiological stiidK^n roiNirtiNl form a part of u thosts 
submittpd by thusoinor author in partialfnlflllinoiit nfthunNjniremonts rorthiMlofinN'ofdoetor of philosophy 
at tho ITnivoniit y of Toxna. 

> In thio wnrh: tho sonlor author acknowloditts tho amistanoe and counaol of H V Jordan, of the Bureau 
of IMant Industry, and Profiwors 1 M. is, G, W. Goldsmith, and Mario B Morrow, of tho l'nivorbit% 
of Texas 
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agement. Two of the ihroo plots chosen for study wore from an ex¬ 
periment designed for comparing the effect of turning under a second 
crop of sorghum with the effect of continuous cotton cultivation upon 
the incidence of root rot of cotton. These plots were located in 
Soil Fertility’s ^ experiment No. 12 on Blank’s plantation, near Lock¬ 
hart, Tex. Sorghum residues, tunied under on October 25, 1937, 
were estimated at about 3,000 pounds, dry weight, per acn*. A thinl 

f dot was chosen from anotlier Soil Fertility experiment on tlu‘ Voelker 
arm near Kiinbro, Tex., on which cowpeas were gn)wn in 1937 and 
the entire crop turned under on October 18, 1937. The area canying 
cowpeas had not been selectc'd for this experimc'nt at th(‘ time tlie 
crop was turned, so the amount of material tunu'd is not known. 
The growth was good. All three plots were cropped to cotton in 1938. 



Fioure 1.—Soil moibiure, as delormiucd by aii-dryiiifc, for the 4-inoh ]c\oN of 
soil receiving coiitinuouh cotton cultivation, and horghmn- and cowpea-iesidue 
amendments. 


Soil samples were collected from approximately 4-inch and r2-inch 
levels; each soil sample was a thoi*oughly mixed composite of roughly 
e<iuivdent soil portions taken from four separate locations. Soil and 
air temperatun^s were taken at the time of collection of held samples. 
Cultures W(‘r(‘ made from moist soils as soon aft(*r collection as ])rac- 
ticable. The total number of micro-organisms was determined from 
Petri-dish cultures on sodium albuminate agar; the number of acti- 
nomycetes on glycerol nitrate-soil extract agar; and th(‘ number of 
filamentous fungi on acid-dextrose-peptone agar. Spores of a(*robic 
bacilli were deteimined by plating out the appropriate dilutions on 
nutrient beef agar after pasteurization at 80® C\ for 10 minutes. 
Quantitative estimate's of blue-green fluorescent bacteria wen* made 
by the dilution-tube method, on an asparagnie medium, and the most 
probable numbers were determincHl from the tables of Halvorson and 
Ziegler (4). Soil moisture (fig. 1) was determined by air-drying 
100-gm. portions of moist soil; the observed loss in weight was ex¬ 
pressed as percentage of moisture in moist soil. 

RESULTS 

Population changes for various microbial groups found in Houston 
black clay at different seasonal dates and imder different conditions 
of soil management are presented graphically in figures 2 to 6 for the 

■ . ■-■■■ — 4 

«Former Division of SoS Fertility Investigetions, Boreeu of Plant Industry, XT. 6. Department of 
Agiioultora. 
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4-mch level of sampling. The results obtain(Hl from samples taken 
at the 12-incli level followed the same general course. The numbers 
of micro-organisms were conspicuously Tower than those for the upper 
level. Although the figures were obtained and tabulated they are 
omitted here as not changing the significance of the studies made at 
the 4.hich level. 

TOTAL PLATE COUNTS 

The period of maximal activity for all plots, as indicated by the 
total counts (fig. 2), was found to begin in March and to end early in 
June. The greatest activity was shown in soil receiving organic 
H'sidues. The highcvst total counts in the plots receiving sorghum 
residues were 428.4 million pt'r grain of dry soil, and for plots receiv¬ 
ing cowpeas, 430.7 million, whereas the largest population observed 
in the continuous-cotton soil was 179.4 milhon. 



FuiUKE 2. - Total counts of luicro-orgaiiiHtiis in the 4-inch levels of soil receiving 
continuous cotton culti^ation, and sorghum* and cowpea-rcsidue airiend- 
inents. 



FuiUBE 3.—Counts of actinomycotes in the 4-inch levels of soil receiving contin- 
\ HOUR cotton cultivation, and sorghum- and oowpea-rcsidue amendments. 
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Figure 4 —Gounis of filamentous fuiiRi in the 4-iii(h lo\eIs of soil leroiMiiK 
coniiimoufi cotton cultivation, and sorghum- and coupea-n sidiie aiiieiKl- 
ments 



Figure 5 -Couiith of aeiohn bacillus spores in the i-inch levels of soil leieiv- 
ing conliiiuouh cotton cultivatnui, and sorghum- and (o\^pea-i< siduc amend¬ 
ments. 



Figure 6 . —Counts of Psstcdotnonas bacteria in the 4-i4ch levels of soil receiving 
eontinuotih cotton cultivation, and sorghum- and cowiiea-residuc amendments 

















No\ 1 . mi 


MlcrobitJogical S(y4lieH in Houston Black Clay 531 

The numborfi of niiei'o-orgatiisins found in these samples of Houston 
black clay are g;reater than those generally reported in studies of soil. 
Waksman (fS) has reportcnl from 7 to 10 million total bacteria per 
gram for rich garden and cultivated or(*hard soils in New Jersey; 
Erdman’s data (S) on Iowa Carrington loam reveal generally 7 to 15 
millions per gram; and Vandeeaveye (/;8) reports from 3 to 20 millions 
pf^r gram in his studies on Palouse silt loams in Washington. 

FUNGI 

The fungi, like the bacteria, slioiived extensive increases during the 
spring months. This incrc'asi* in fungus population became apiiarent 
earlier in the season and continued later into the summer than did 
that of other microbial populations (figs. 2 and 4). The number of 
fungi in tin* three soil treatments studied showeni smaller differences 
according to type of soil management than did those of other groups 
of niiero-oiganisms considered. 

ACTINOMYCBTBS 

Incn'asc'd numbers of actinomycetes appeared during Ihe late 
iMiitcT period in all plots (fig. 3) In early March, the colony count 
p(»r gram of soil reached 47.5 million for the continuous-cotton soil, 
S9 5 million where soighuiii residues w'ere added, and 59.7 million 
\4her(‘ the cowpeas >^ere plowed under. Tlie fluctuations shown in 
colony count of actinoinyc(‘tea have not been <‘xplained, but the totals 
\m olved are strikingly g'rc'ater than those shown in previously reported 
studies (^, IS) 

In a subsequent c'xperiment at the Oreenville station, sorghuni 
buried deeply in bundles over which cotton was plantetl was dug out in 
thc‘ last week of August 1939. As the area was broken open the odor 
of ActinomyciK w^as detected strongly, and sorghum stalks only 
partly decompose<l w'ere powdeiy wdiite with Actinomyces spores. 
In lh(‘ buj*ied bundle's, the pn'sence of open space's or cracks was an 
obvious factor in the' development of powdery spore masses. Tem¬ 
peratures in the soil, 10® to 20° higher than those found in northern 
and easte'in soils, may he' an important factor in the' totals found 

SPORES OF l$4riLLI 

(liangt's in the* number e>f spores of aerobic bacilli (fig. 5), under 
eliffere'iit se'nsonal cemelitions and umh'r different type's of soil inanage'- 
me'iit, paralli'I reiughly the changes observe'd for total microbial 
populations. Maxima wi're obtained during the spring perioel; thus 
the e'ffe'Ct of oiganic resiehie's was apparent. The maxima for un- 
aiiie'iide'd soil and for treatme»nts with sorghuni and cowpea residue's 
we're 31.4 millions, 132.4 millions, and 72.5 millions, re'spectively. 

The blue'-gre'cn fluorescent bacteria (fig. 6) showed response to 
adde'd organic residues during the latter part of the winter. Maxima 
obse'rved for the soighum- and the cowpea-resielue amended soil 
were 3,400 thousanels and 500 thousands, respectively, and feir the 
uname'Tide'd soil, 370 thousands. The first two values we're observe'd 
in early March, and tlie last in early April. Like total bacteria and 
•spondating bactc'ria, Pseudomonas types showre'd depre'sseel numbers 
eluring the summer and early fall months. 
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DISCUSSION AND INTERPRETATION OF RESULTS 

Study of figure 7, showing the general temporaturc relations through 
1 calendar year, sliows that soil temperatures at the 4-ineh level fell 
below 60® F. about December 1, 1937, and again reached 60® early in 
February, and 70® bv March 1, 1938. At no time were freezing 
temperatures observed. Nevertheless, the cooler tianperature shown 
would readily account for the fact that the total number of micn)- 
organisms was static (fig. 2) from the latter part of November to the 



Figure 7.-- Soil-tomperatnrp rooditiKs f<»r the l-iiich le\eK of soil recei\ing 
continuous cotton cultivation, and sorgluiin- and cow pea-res idue Hiiieiidinents. 


early part of March. Very low moisture content in the latter [mrt 
of July to October clearly correlates t^ith low bacterial aetiv ity during 
that period. Such observations are in entire harmonv \vith the 
observations of many workers (i, 4* 

(Comparison of liglires 1, 2, and 7 shows a rather sharp fall of tem¬ 
peratures beginning about November 1, 1937, accompanied by small 
changes in bacterial population, as iiulicatcsl by the colony count 
in Petri-dish cultures. Although there was a differential rise in nuin- 
bor of actinomycetes during the winter months (tig. 3), the total 
flora as shown by colony count (fig. 2) changed tittle before the tem¬ 
perature rose to 70® F. again early in March. The abrupt maxima 
reached in April and May can therefore be interpreted as tlie resump¬ 
tion of bacterial decom})osition in the organic matter ])1 ow(hI under 
late in October. This activity would appear to hav(‘ been arrested 
by the falling temperatures. The peak number for the 4 spring 
months, reaching more than 400 million micro-organisms, reprc'^ents 
the normal rise where such amounts of plant materials are plowed 
under (compare Smith and Ilumfeld, 10, 11). It is notew^orthy that 
in the plot receiving the residues from the previous cotton crop alone, 
the rise was simultaneous, even though the highest iigure was some¬ 
what imder half (179 millions) of that for the green crops plowed 
under. 

Transferred to Texas conditions, King’s hypothesis that the intn)- 
duction of masses of organic matter would produce great micmbial 
activity is fully confirmed. The numbers rcportc^d here from colony 
counts in Petn-dish cultures are strikingly higher evi'n than those of 
Smith and Humfeld {10,11) from their composite samples. 

SUMMARY 

CuiT0B for temporaturo, moisture, and microbial numbers went' 
establiflthed for scloctod plots of Houston soil as a backfrround for 
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studios ill n>oi rot control. As an environment for microbial activity, 
the plots of Houston soil studied furnish the following striking features: 

(1) In a iieriod betw(»en early December aii(hFebruary’ the t(»mper- 
atures nMiiained b(‘low those* required for active microbial multiplica¬ 
tion, y(»t without fn^ezing. 

(2) Temperatures rang(*d above 70® F. from March to Novem¬ 
ber, and from SO® to 00® from June to October. 

(3) liacteria and actinomycet(*s are much more active* and abundant 
than has b<*e*n reporte'el for northe*rn soils. Maxima for teital cedony 
counts in soils re*ce*iving organic ame*ndmi*nts reacli 200 to 400 millions; 
actinomyce‘le*a at tim<‘S reach 30 and 00 millions to the gram. Such 
res])ons('s lo adde*el organic nutrie'iits pre*sent a challenge to the we)rk(*r 
te> se*arch for eirganie me*elia and agronomic practices capable of yie*ld- 
ing a controlled microllora. 
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SOIL BACTERIOLOGICAL STUDIES ON THE CONTROL OF 
THE PHYMATOTRICHUM ROOT ROT OF COTTON * 


Hy Roland B. Mitchbli, agenl^ Division of Soil Microbiology^ Dalton K. 

Hootont, assistant agronomtsL Division oj Cotton and Other Fiber Crops and 

DisraseSf and Fkanpis K. Olark, associate bacteriologist, Division of Soil 

Microbiology, Burt an of Plant Industry, United States Department of Agriculture * 

INTRODUCTION 

Search for mclliods of coiilml or elimination of the cotton root rot 
fungus {Phymatotriehvm omtnrorum (Shear) Dug.) in the alkaline 
soils of the Scuithwest has already continued for half a century. The 
literature involved has recently been reviewed by Rt‘a (/6')® and bj’ 
Streets {17). Nc^arly all of these discussions have been from the 
viewpoint of plant jnlthologj^ or agronomy, (jarrett (7) included this 
disease in his broad discussions of mot-disease problems. Observa¬ 
tions pointing to a soil microbiological factor began with Painmers 
{ 14 ) obs(‘i*vation that the incklencc of this disease was lessened by 
liberal use of stable* manure. Actual predication of soil micro- 
oiganisms as a factor in the conquest of the dis(*ase was offered by 
King and his colleague's {8, .9) in a se'rie^s of papers upem the manure 
tre'atnu'nt of root rot pleits in Arizona, beginning in 1928 and eh'finitt'ly 
pmposing the* microbiological interpretation of such control in 1984. 
Search for antagonistic organisms ctfe'ctive in the cotton fie'ld has 
thus far proveel futile (Mormw e't al.. lH and unpublislu'd data), 
although such organisms are ivadily eleunonstrate'd in pure culture. 
V\) to the present, no antibiotic age*nt has be'e*n able to ele*stre>y or 
re'iide'r static a roe)t rot fungus alrcMuly e*stablishe'el as a parasite in the 
cotteni plant. The vrork eliscusse'el in this paper, theivfem*, deals ^^ith 
the relations of the soil micreqmpuhition to the* re)ot re)t fungus in the 
soil and in dead e)r ele'caying roe»ts, not in its active phase as a parasite. 

The ])e»rsist('nce e)f VhymaUd rich urn omiilrorum eni cotton roots uneh'r 
elilfe'ivnt soil e)r rend cemelitions and the interpre'talion e)f the obseiTcel 
elifferences have ivmained subje'e*(s fe)r speculation. King and Loomis 
{10), McNamara and llooton (//), and RatlilTe (//7) have obsened 
that the parasite is viable for consich»rable periods after its invasion of 
cotton i*oots. That its viability is <lecreased under certain conditions 
is also known. R(*a (Id) has stated that tin* older fungus strands on 
diseased and dying portions of cotton roots gradually exhaust the 
available food materials therein and die with the roots to which tluy 
an* attache<l. Kz('kiel (5) has noted decn*ased survival iieirentages 
of J\ omnirorum on cotton roots following root cutting or girdling, as 
w<»ll as a decrease in alcohol-soluble solids contained in tlie roots. Such 
studies suggest tliat food (*xhausti(m or change's in root composition 
become limiting factoi-s for survival of the parasite. 

The roh* of microbial interrelationships in (i(*t(*rmining the survival 
of plant pathogc'iis has b(*en n'viewcd by Garrard and Lochhead id). 
King, Hope, and Katon (»9) have discussed the importance of microbial 
factoi-s in tin* manurial conti-ol of cotton root rot on irrigated land. 
(Mark and Thom (D concluded that the suggest('d microbiological 

' Kooeivodforimblictttion Aprils, eaI ... . 
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sanitation efforts of manurial amendments must bo aooomplishod 
through the agency of the soil inicroflora; the root microfloras thom- 
solvos showed no appreciable changes following organic amendments. 
Recently Adams, Wilson, Hessler, and Ergle {1) reported that early 
fall plowing of cotton stalks checked the destructiveness of the fungus 
in the following cotton crop. The extent to which root niicrofloras 
influence the survival of PhymatotHchum and in turn the 

extemt to which microfloras associated with cotton-root surfaces ai*c‘ 
influenced by plant injuries inflicted by early i)lowing or girdling, 
remain unreported. 

It is known that selerotia of the cotton root rot fungus may remain 
in field soil as viable and infectious material for many years, (wen 
when fields are maintained in nonsusceplible crops or in clean fallow. 
Selerotia have been considered important in the survival of priinaiy 
infection centers; their elimination, therefore, becomes desirable in 
soil sanitation. 

Certain physical conditions, such as soil desic(*ation or aeration, have 
been reportea to influence the survival of selerotia 7S, t8). The 
successful manurial control of several soil-borne diseases (7) and the 
possibility that microbial relationships contribute to the elimination 
from soil of plant pathogens raise the (juestion of the ability of scle- 
rotia of Phymatotrichvm omnirorum to survive wlu^n exposed to the 
microbial activity associated with fresh organic n^sidues in soil. 

It has been the purpose of the following investigations to consider 
(1) the growth and persistence of Phymaioirichum ornnimyrn on 
cotton roots or root se^nents under different environmental eoiulitions 
ami (2) the elimination of P. omnjmnm selerotia from soil, wdtli 
esp(‘cial r(»ferenc(' to the periods of microbial activity following organic 
fertilizations. 

EXPERIMENTAL PROCEDURE AND OBSERVATIONS 

GROWTH AND PEHSISTENCE OF PHYMATOTHICHUM MYCELIUM 
On COITON-RUOT SFiLMENFS IN AMENDED L\B0KAI01i\ SoilA 

Indications of the importance of the eff(‘cts of environmental 
factors on Phymatotrlchum omnimrvm wctc readily s(»en when freshly 
infect(*d roots were collected from field cotton and jdaced in (*ontaet 
with differently trc'ated soil in the laboratoiy. A representative ex¬ 
periment is summariz(‘d briefly. 

Ninety-six cpiart jars, in 4 Batierii^s of 24 jars each, w<‘re half-filled 
with Hunt clay. The first battery was retained unamended; the 
second, third, and fourth batteries received 1 p<»rcent aup(*rphospliate, 

3 pei’cent barnyard manure, and 3 percent chopped sorghum fodder, 
respectively. Four jars in each battery were brought to o])timum 
moisture content immediately and incubated at a controlled JT)om 
temperature of 25° C. for 30 days. Additional sets of 4 jars in each 
battery were moistened at intervals, so that, after 30 days had (dapsed, 
jars wore available to represent periods of incubation of *0, 5,10,15, 20, 
and 30 days for each of the 4 soil conditions. All soil (containers w('re 
thcm^noculated ini\xPhyriMRoirichum omnu)omm;2 jars in ('ach block 
of 4 received ogai-culture inoculum, and theotber 2 replicat('s in the 
block received infected root segments. Observations on the growth • 
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of P, ommmrum myceliiim and on its persistence after development 
were made at 3, 5, 10, and 10 days after inoculation. 

Mycelium of Phymatotriehvm omnivomm deve^lopc'd quickly over tho 
soil surfaces in jars containing unamendcHl and superpiiospliate^- 
aniemded Hunt e*lay. The mycelium pr(>(lu(*ed showenl little disinte>- 
gration during an observation period of 10 days, and random sub- 
<*ulture\s to ne»w che‘ck soils consistently show(»d viability of the fungus. 
In contrast, inferte'd roots or agar inocula placenl on soil containing 
organic materials euther faile^d to grow or showeMl initial gre)wtii fol- 
Iowe»el by disin-te^gration of the myerlium. The soil lota umende^el wuth 
manure and with sorghum foelder differe'el seunewdiat beith in theur 
perioels of niye'elial inhibition anel in their associateel soil micreipeipula- 
tions. The ]U'e\sene*e eif manure in the soil inhibite^el gi’ow'tli er j)er- 
siateuie*e e)f /^ onmivorum myce»lium from inocula emly w'ithin the fii*st 
15 (lays aftiM* its applicatiem; after incubation for 2() days e>r longer, 
inanureHl soil permitt(»d greiw’tlrof mycelium. Sorghum foeleler in soil 
prcve'iite'cl growih of the fungus for the full 3()-day perieieJ follow'ing 
its appli(‘atie)n. Feu* beith aineuidments, the‘ jxriod unfavorable* to 
mycelial grow'th sliowexl cleise agremieuit with the pe*riod eif intensifie^el 
inicreibial activity. (ire‘ater anel mere* prolonged ditfereuicevs were 
note'd fe)r the soil ]nicrope)])ulatie)nsfolle)wingfertilization withserghum 
re*aidues; after 30 days the seul inieropopulations in such soils w*ere still 
approximately seven lime's the)se' of cherk soil. For manured se)il, 
micropopulations were slightly more than double those of the* che'ck 
soil for the first 2 weeks after tre*atine*nt but show*(*el little difFer(MK*e 
there*after. 

Other e'xperimeuits, established unele*r e*oTielitions similar to the 
jire'ceding se'rie's but with different type's of ame*n(lme*nts, show'e'el that 
ele*comj)e)sing organic materials generally, if capable of supporting 
inererse'd microbial activity, iiuluce*d situations in which mycelial 
growth from fre'shly inferted cotton roots was inhibite'd completely 
or else de'stroye'd rapidly after an initial dev(*lopment. Among other 
organic inate*rinis, ('ottonserd inc'al and hulls anel chopped c*otte)n 
roots we're found to be suitable treatine*nts for inhibiting niyce*liuin. 

On (Litton Koois in Field ExPKKiMLNrs 

The' ri'spemse of the root-surface microilora to \arious type's of 
root injury was studu'd in field ('experiments. In ordc'i* to establivsh 
a background of information concerning normal root-surface luicro- 
jiopulations, be'fere atte'mpting to ({('fine those of injured roots, a 
si'asonal study of the microfloras associate'd with cotton of differe'iit 
ag('s and of different date's of planting W’^as started May 3, 1940, and 
was continiK'd for 6 months. Field sample's consist( hI of (*ompoait('s 
from a minimum of five plants; the root systems collecte'd by excava- 
tieins w'en* se'])arat('d into crown, derper tap, and lateral portions fe>r 
laboratory studies. Microbiologie'al analyse's w’ere made accoriling 
to the methods previously reported by (’’lark (J^, S), except that whole 
root se'gments rather than root-surface scrapings w^ere ('inploye'd in the 
primary dilutions. Surface ^reas were determim'd as accurate'ly as 
possible by measuivinents, and the microbial populations were ex¬ 
pressed as number of micro-organivsms per seiuare centimetir of root 
surface. The seasonal microfloras associated with surfaces of unin¬ 
jured (‘otton roots are shown in table I. 



T\ble 1 —AUerofloras associated with the surfaces of healthy cotton roots, season of 1940 


538 


Joiitnal oj Agritidiural Research 


\ol Si, No 0 


' L ‘ 

§ I 


i) 

&■§ 

Sg 

It 

It 


?g 


It 


cipii«en.4cecBCie4 ceoeoicor-ei 
08 w .-I isoim ej^w 

Si 


oo»<Ht-4t«aoio<e 


, ooa8«i-4*-4^«ao«e a80«aooi'-i->o 

|||2«"8SS.?SSSSU; 


loeaccne^toeo 

u9 oe tr cA Cl >r eo d 


§■§ 


5:-fe 


H 


§ £ 


I I 
I ' 

B 

I 


fl,r 


Is 

3§ 




It 

It 




§■5 

al 


5 » 


I a 

1 1 • s 

! H I ^ 

Ifii 

isi 


s'-s 


t'-ciM08i'«e^r«e 

-I'OpCp-« 0 C9 >1« lx «*• «!• U3 


, oeA-^oaiocoioic ^t'-icopficc Oftcoioflftvc 
S'Si2aoeoorp^c^wo‘«»*pt*of»f»p|*-r«pNooor>- 

Itl-fe® 


Ce^Oie^i'Pi'iCe^ i-en cn «r oo >o o 

— ^ e4-«CI N M 


MOaoeno X-Ioi-I «i«eoeOM«i‘OOi<P 
e<^ M Cl Cl e4«4 px ^ 


aoo^i'*co)0 08p->oc)oi'-o<co(ri-«ci>o 
£•8 'CjpjjniMin^ppp-cicocjriiOPxciPHeoeoe^ 

•S 2^ ” 

331» 


8S§J?§2ggg! 

82SSgS?lSg JSSSJRSr! 


,«gS?agR?S*st5§sg|«a|| 

el~ 


SSISSSSSsS SSgSgSK 


sg^ssssa ^!i;7!:S3S 

fii 


g|ff- 

y ,1 Pi I^I^PX 

•"*28*^85^85 S^s'^28^ 


& 





539 


i,mi The (\mtrol of Boot Rot of (Mon 


Young cotton plants possc*^^^! somcwluit higher root micro-^pula- 
tions tlmn did older plants; the latter, when mamtained uninjured 
imder the usual practices of continuous cotton rultivation, had root 
niicrofloras that did not differ materially during the late fall from thoB(> 
observed during the early fall or late siunmer. In contrast, greatly 
intensified microbial activity was observed for root surfaces of uijured 
cotton plants. Representative data for diiT(‘rent typra of injury are 
pr(>sented in table 2. Injuries inflicted durmg the late fall had l(>ss 
effect on root-surface microfioras than did iate-summer mjuries. 
Relative increases of total microbial numbers following injurira to 
roots on Aupist 19 over thost' for uniujund nmt systems are shown in 
table ;i. Differonces in the gross appearance of such roots were <‘asily 
apparent (fig. 1). 

T\blk 2. MicroJIorait aBhonaied with the tapioois of oninjured and injured cotton 

plantSy'Bt*aBon of W40 
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Table 3. Vompaiatwt total microbiat countH on nurfaces of uninjured and injured 
cotton wotH at 7, and d inonthB after injury on Aug, 19y 19iO * 
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1 MKToiM)|)ulations on surfaei's of injured roots comiwri^ with fhew on healttiy uninjured roots (taken ns 
iinlt>) on eorrosiiondlng dates of samphriK 
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On Cotton Roots in Different Stages of Dec^omposition 

In a concluding experiment, the availability of cotton roots at 
different stages of decomposition as nutrient material for Phynmto- 
trichym omnimrum was determined. Cotton roots or root segments 
that had undergone periods of decomposition from 0 to 360 days were 
colleeted from 29 diffcTent laborato^ and fic^ld experiments. Each 
collection of root material was divided into 3 c'QRttl parts; tlu'se 
were moistened and placed in Erlenmeyer flasks. The first flask o^ 
each set of 3 was left unsterilized; the 2 remaining flasks were 
autoclaved until sterile. One of these was maintained sterile thereafter, 
except for the addition of P. omnivorum; the other was inoculated with 
unsterilized soil. Standard agar disks of P. omnimrum were int rodueed 
into all flasks, and observations for growth of myc(*lium W(Te nia<h‘ 
dining the following 2 months. The source and treatment of the 
cotton roots employed are shown in table 4. 



FiGruE 1.—Appearance of cotton r«K)ts uijured on Aiij?nst 19, 1940, and excavated 
November iS, 1940: A, ('lipped belo^ the enmn. /f, girdled al)o\e the eroivu; 
C, clipped above the crovsii, />, uninjured cotton root (check) from the bainc 
experiment. 

Without exception, in the unsterilized {[askA Phymatoiriclium omni- 
norum mycelium failed to develop upon any root material, regardh'ss 
of the extent of decomposition previously undergone by thi' root seg¬ 
ments. Mycelium developed in all flasks sterilized and then subst'- 
quently inoculated with P, omnivorum only; in such flasks the com¬ 
petitive effect of other micro-oiganisms was absent. Mycelium failed 
to develop in those flasks sterilized and thi^n reinoculated with a pinch 
of nonsterile soil together with P. omnivorum; such results sliowiul 
that the growth obtained in the pure-culture series did not occur simply 
because of the liberation of additional food materials during the 
sterilization process. ^ 
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Table 4 Tifpcs of coUon roots stiidifd for thur ability to support giowth of 
PhyttMiolt ichum omnivotum 
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ELIMIKATION OF PH\ MATOTRICHUM SCLEROTIA FROM SOIL 
Lvbouaiouy J3xperimrnis 

Tlu‘ ability of Phymaiotf Uhuni omnin}rum solcmtia to survi\o umlcM* 
(lillVreiit soil conditions in tlio laboratory was observed follow inf? the 
addition of known niinibei>> of scierotia to Houston and Hunt clays 
receiving: different amendments. Alinter\als rang:ing: fiom 10 days to 
6 inontlis, soil lots were (‘\amin(»d for number of recoverable sclerotia 
and lor microbial activity in the soil or on the sclerotial surfaces 
vSneb studu's showed that many moie M'lerotia were eliminatecj from 
s<)il containing: fresh organic matcTials than fnim soil containing no 
such amendments. 

When the data from live separate experiments, conducted during: the 
course of 2 years, are considen'd collectively, the g:reatersusceptibilitv 
of sclerotia in orc:anic-amended soils is coinincingly shown. Iiisoil 
amended wdth barnyard manure oi with chopjied sorghum fodder, 
04.9 and C9.7 percent of the sclerotia added wen' eliminated; in super¬ 
phosphate-amended and in unamended soil, 14 4 and 19 0pen*ent, 
respectively, were eliminated. Other organic materials, such as cotton¬ 
seed meal or hulls or chopped cotton roots, W'cre found as effective ns 
manure or sorghum fodder in reducing the sclerotial population in soil 

The results of a typical experiment are presented in table 5. The 
sclerotia used in this expciiment were light brown-buff types waslunl 
out by hand from root rot-infested field sijil; 95 percent of these 
sclerotia were lound to be viable following field recovery. In ^Ifif*** 
experiments analogous to the one recorded in table 5, the older dark- 
brown type's of sclerotia recovered from field soil were employed; the 
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results obtained with such sclerotia were essentially tlio same insofar as 
contrast between cheek and organie-amended soils was concerned, 
although in several experiments there appeared a tendency for the 
old dark-brown types to b(* more resistant generally. Preliminary 
washings revealed that the Hunt clay employ(*d was originally free of 
sclerotia; and also that the screening and washing methods employed 
pennitted complete recovery inunediately following the addition of 
sclerotia from either amended or unamended soil. 

T\ble fi.—Recovery oj Phymatotrichum onintvorum scletotta^ from soil in relation 
io penodtt of incubation and types of noil fertilization 
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coritaiiuT. 

It was observed repeatedly that major reductions in sclerotial num¬ 
ber were secured only during the periods of intensive microbial activity 
in soil. vSiiice the microbiological data collected for thc» difTtM’ent 
laboratoiy experimc'nts are extensive, such material is presented in 
summary form. Soil (in unamended or inorganic-aiiK^iuh^d lots) in 
which sclerotia pereisted with relative impunity show'ed total nii<*ro- 
populations ranging from 15 to 50 million, expressed as pcT gi-am ot 
air-dry soil, throughout the periods of incuibution employed. Soil 
receiving barnyard manure or chopped sorghum fodder at :i-p<M'(*i*nt 
rates showed micropopulations of from 100 to 1100 million during the 
first 2 weeks after treatment; following their initial precipitous 
increases, such micropopulations declinecl more gradually, until they 
were comparable to those in untreated soil. Inspection of table 5 
shows that major reductions in s<*lerotial numbers w(‘re secured during 
the initial period of inttmae microbiological activity. Figure 2 shows 
the decomposed and hollow-shelled sclerotia after 15 days' burial in 
fertilized soil lots, and, in (*ontrast, the undc'composed, solid-appearing 
sederotia recoverable after burial in untreated soil. 

Direct microscopical studies of stained Cholodny slides (.9) show^i^l 
general confirmation of the cultural data, and in addition, yielded some 
further information conceniing microbial activity on or near the sur¬ 
faces of buried sclerotia. After short burial periods in soil, numemus 
fungus strands were seen in the sclerotiuiii-glass slide (contact region; 
certain fungus strands appeared as Phymatofrichvm omnirarum 
mycelia. After longer incubation periods, sjiadowlike* strands of 
fungus mycelia covered with masses of bacteria were observed, sug¬ 
gesting early colonization of the sclerotial surface region by fui^us 
strands, followed in turn by bacterial invasion and decomposition. 
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Spores of Alternaria, Ilormodendrvm, and Trichoderma, and long 
slender conidia of Actinomyees were observed; this suggested that 
mycelial stages of these forms accounted for some of the fungus strands 
observed shortly after burial of sc*lerotia in soil. 

Qermination of Phymafotrichvm omnhonm sclcTotia was suggested 
by the Cholodny slide studies. The possible role of germination of 
sclerotia in tin* diffi^rences in survivals in organic-amended and in 
unamended soil (table 5) was invt»stigated in the following experiments. 

Eight replicates of 5 soil (conditions (untreated, 1 perc(‘nt super- 
phosphat(% 3 pereemt choppc'd green alfalfa, straw, manure) wep 
('stablislu'd in laboratory containers, and 10 sclerotia were buried in 
(‘ach of tht‘ 40 container. Two lots of sch^rotia were (‘mployed; one 
lot consisted of younger, light-brown sclerotia, of 80-p(‘rcent viability; 
the 8(»cond lot, of old, dark-brown schcrotia, of 50-pei-cent viability. 
Aliquots of (»ach lot wcTe kilhul by luxating to 85® C. for 5 minute's. 
In the preparation of the (‘xpc'riment, duplicate eontainc'rs in each 
of S replieatc's iweive'd (1) untrelated young sclerotia, (2) untivatc'd 
old sclemtia, (3) kilh'd young sclerotia, and (4) killed old scl(*rotia. 
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FuiUKK 2.— Appoaraiico of Phffmatotnchum omnwonim sclerotia A, Prior to 
burial in (*\pt*riiiicntal soil lots. H />, Fo11(»\vinK buiial for lo days in (J3) 
iiiianuMidcd Hunt clay, (f’) Hunt clay plus 3 pcrci'iit chopped sorghum, and 
i f)) Hunt cla\ plus 3 pereeid chopped alfalfa. Aliout <1. 

All contaiiH'i's \^en‘ incubated for 17 davs and th(*n examined for 
(condition of (Ik' buriced sclerotia. As all sclerotia w('re placed at 
known lo(*ations on glass slides, full riMcovery was possible. Observa¬ 
tions v^('re r(*corded on the basis of whetInT n‘cov(‘r('d sclerotia were 
solid and intaect, or wctc disintegrating or hollow sIh'IIs. A summary 
of observations is pivsentcnl in table (5. 


'J'arle (i. I'etcittiage of vinhU and killed Hclerotia recovtied from noil receiving 

diff( n ni ti i atmenfn 


Soil tn'iiiinoiit 


YoiinBvriwoim ' Old sclerotia 
LivitiB ' Killed I laMiiR Killed 


Untreated (cheek) 
Sujxnphohplmtc 
Ground straw 
Ground alfalfa 
Mamin* 


Ptrcffit 

Perct nt • 

PfTffUt 

20 

•* 1 

16 

5 


10 

70 

16 ' 

60 

76 

.» 1 

40 

75 

40 1 

16 


423:m4- 41 


4 
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Field Obheevations 

A field exporiinont provided four arooR on root rot-infosted land. 
Two areas received either barnyard manure or sorghum fodder thor¬ 
oughly mixed into the upper 8 to 10 inches of soil by rotarv plowing on 
October 3, 1939; a third area received similar deep tillage* without 
organic amendment on the same date; and the fourth area received the 
usual bedding later in the fall season. All areas were empped to 
cotton during the 1940 season. 

Observations for the occurrence of sclerotia in these areas were made 
by field excavations during the latter part of August 1940. No 
sclerotia were found in tlie upper 12 inches of soil in ar(‘as receiving 
deep tillage or organic materials; sclerotia were present below the 12- 
inch level. In the normally bedde<l ar(*a, sclerotia w(*re observ(‘d m 
abundance in the 0- to 12-iiich level. The largest proportiorj of dead 
cotton plants occurred in this check area, and the smallest proportion 
in the manured area (table 7). Increased micropopulations w(*rc 
apparent in all the field areas after the fii*st good fall rain in October 
1939, but periods of prolonged microbial activity were* noted only in 
areas receiving organic manures. Total micropopulations in the soil 
at five dilTcreiit dates of sampling, as wtU os dead cotton in llu* four 
areas at three differ(‘nt dates of mapping, are showui in tabh* 7. 

Table 7.- -Botl micropopulations and incidenn of dead cotton tn difiiuntly treated 

fiild anas 

TOTAL MICROBIAL M^MBl K» 


Dati'S of sampling or mapping 


Oct 13,1939 
Nov. 29,1939 
Mav 4,1940 
Juno 22,1940 
July 20. 1940 


Plot tKultiiont 


Normal In^d- 

Dt'op rot an 

ding 

tlllHgt 


\fiHtonn 

IW ») 

335 5 

10 2 

20 1 

18 (> 

19 8 

12 2 

12 5 

17 1 

21 2 


Diip till- 

i)( (p till 

agi+bwn- 

agt +SIH- 

1 

1 

1 

ghum fodtler 

Millions 

Millions 

452 (i 

2S7 9 

02 3 

115 1 

118 3 

222 1 

50 0 

50 0 

30 8 

17 9 


INCIDENC'E 01 DEAD (*OTT ON PER PLOT i 


September 1939 . 
August 1940 
October 1940 


PtTCfnl 

Pmtnt 

Pircinl 

H5 3 

HO 0 

9(i 0 

90 0 

30 3 

7 0 

94 0 

09 0 

34 0 


Jhreent 

74 0 
20 0 
000 


1 Expressed as millions per gram of air-clr) soil 
* Expressed as percentage of total stand 


DISCUSSION 

It is knowu that under field conditions PhymatoUkhvm oinniroium 
makes an extensive mycelial growth during the late summer and 
early fall; excavation studies during the fall season may revi'ul the 
parasite on the roots of many cotton plants even though no above¬ 
ground symptoms of the disease are evident. If the mycelial stage is 
recognized as capable of development upon a Imst-plant root system, 
and, in contrast to the saprophytic flora, of attacking healthy roots,' 
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but if at tho saiiio time it is known to bo inoujiabh^ of suocossfiil oom- 
potitioii with tho largo niioropopiilalions (‘iigagf'd in tho dooomposi- 
tion of frosli organio rc'siduos, tho importaiico of onding tho shollorod 
host-borno stag«' of tho parasito as quickly as possible and thus pro¬ 
longing tho period during which it is subject to attack or coinpotition 
of other soil inicro-orgaiiisnis boconios oviclont. 

Cotton plants injun^d by lato-suinm(‘r clipping or girdling showed 
greatly intonsitiod root-surface inicrotloras. Sinc(» the mycelium of 
Phynhfitot rich urn omnirontm was inhibited or destroyed in organic- 
amended soils in which the increases in micropopulations over those 
of check soils not destructive to mycidium w^ere of the order of 5 to 
10 times, it is not iinprobabl(‘ that the microbial activity on root 
surfaces, wliere the micropoj)uhitions increased as much as 100 tiO 
200 times, provided an environmental factor unfavorable to the 
fungus, (irowth of omulmnnu from inocula on injuri^l or decom¬ 
posing cotton roots at practically any stage of d(Toinj)osition, follow¬ 
ing sterilization to remove competitive microbial activity, further 
sup])orts this reasoning. The limitation of survival of F. omuirorym 
m>celium on decomposing cotton roots is considiwd, theiefore, more 
dinrtly a matt«T of microbial interrelationi^hips than of food exhaus¬ 
tion. 

Phifwalotrichin/t sclerotia, in contrast to the* mycidium, appeal very 
resistant to a prolonged soil-borne stage of existen(*(‘; their longevity 
und(‘r fallow and dilfiTimt crop-rotation schi'ines is generally rc'cog- 
nized. That sclerotia are susceptible to elimination from soil during 
periods of intensive microbial activity following apjdications of fresh 
organic residues is shovvm by the ])resent W'ork. The contrast between 
persistence of sclerotia in organic-amended and unamended soils 
within the first 10 to 15 days after burial was at tirst difficult to under¬ 
stand, and it v\as only after the Cholodny slide studies and the burial 
of heat-killed sclerotia that the increased germination of sclerotia 
under soil conditions favoring general microbial activity offered a par¬ 
tial explanation of the difference in survival. In the absence of a 
host plant, the emerging mycelium becomes exposed to saprophitic 
conditions, and the parallel results noted during the course of myce¬ 
lium and sclerotia studies become understandable. It is not known 
why heat-killed sclerotia are more rapidly eliminated froin organic- 
amended soil during the early period of incubation. It is possible 
that, a mass-inoculation effect with mor(‘ numerous and perhaps more 
diverse soil micro-organisms is obtained; it is also possibh* that the 
sclerotia substance ]ir<'S(‘nts a source of supply of one or more' ele¬ 
ments required during the initial decomposition stages of the addl'd 
organic material by the soil microflora concerned. 

The field observations on the absence of sclerotia in the organic- 
amended and tilled ari'as, together with the decreased incidence of 
dead cotton as shown by tlu' August 1940 mapping, indicated that 
reduction in infectious material could be obtained in the field. How¬ 
ever, it was not a])parent from the work performed whether the more 
significant factor was (1) the elimination of root-bonie mycelial 
strands important either directly as subsequent sources of infection 
or indirectly through their later production of sclerotia or (2) the 
elimination of soil-boriu' sclerotia fonned prior to fertilization anil 
tillage. If the former factor is the more significant, the destruction 
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uf nwtH by ourly plo«in{; b(‘com(‘s inon* iniportntd than tho upjilicu* 
tion of additional organic rcaidiics to aoil. Clark and Thom H) ha\(* 
tv\pn>88od tho opinion that any iniorohiologioal sanitation offocts of 
addod oi^anic rc*8idu(‘8 aro aocoinplishod through tin* ag<*noy of tho 
soil micToflora, sinoo snoh fortilizations fail(>d to affoot tho root niioro- 
floras of hoalthy cotton. If tho <h>struction of soil-horm* solorotin is 
(‘ssontinl, tho valuo ol ado(|uato mixing of frosh oiganic malorials into 
soil to secure the groatrat possible contaot ’with soil-bonn* infootiou^ 
matorial is apparotit. 

SUMMARY 

Hunt clay to which no oi^anic matorial was addod pormittod 
growth jmd porsistonoo of Phymatotrkhum omnirot urn myoolium ovor 
tho soil and root snrfaoos in opon containors inooulat(>d with sogmonts 
of rooontly infoctod cotton roots, whon maintainod uinh'r favorable 
moisturo and tomporaturo conditions. Soil (*ontuining add(‘d or¬ 
ganic matter, but otherwise similarly inoculated and maintain(>d, 
either completely inliibitod tho growth of P. omniroivm or ])ormitto(l 
initid growth which was followed by dismt(‘gration of inycidiiun. 

lljulor field oonditions, cotton roots injured during th«> late sumim'r 
or early fall showed pronounced increase's in micro))opulations asso¬ 
ciated "with root surfaces; such increases wvre pmportionate'ly grent«*r 
than those e'aused in soil by organic umendm(>nts and fouinf inimical 
to the growth of the parasite. 

The majority of Phymaiotrichum omnirotum sclemtia buried in 
organic-amended soil were quickly destroyed; in contrast, the great 
majority of sclemtia Iniried in soil without oi’ganic residues p(>rsist('d 
Sclerotia remaining after subsidem’e of the microbial actixit> occa 
sioned by fertilization persisted with little fiirtlu'r reduction in num¬ 
bers for several months; for the elimination of either mvceliuin oi 
sclerotia, treatments with organic materials were especially ctfectiM' 
during the period of incri'ased microbial iwtivity. 

Removal of the compi'titivc effi'cts of other microbes by soil sterili¬ 
zation, and subseiiuent reinoculation with Phiimatotiicliiim ornni- 
porum, permitted good growth of fimgiis mycelium regardless ol the 
amount of decomposition wliieh the cotton niots or organic residu(>> 
employed had pw'viously undergone. Fungus survival was con¬ 
sidered, therefore, to be limited by mierohial interrelationships rather 
than by food exhaustion. 

It was obsi'i'ved that during the early stages of incubation viable 
sclerotia disappeari'd more rapidly from ameiuh'd soils than killed 
sclerotia; the importance of selerotia germination as oiii' factor in 
soil sanitation was thus sug^(>sted. That other factoi-s were operative 
also was siij^ivsted by the greater elimination of h<‘ut-kilied sch'rotia 
from organic-amended soil than from unamended check soil 

Followingfii'ld application of oi|;anic materials, together with early 
October plowing, inereased microbial activity, reduction of the 
incidence of dead eotton in the sueeeeding crop, and greater ilifficulty 
of sclerotia ns'ovi'ry from the amended h'vi'ls in field soil wer<‘ ob¬ 
served. 
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DISSEMINATION OF FUNGI THAT STAIN LOGS AND 

LUMBER ‘ 

I Jiv A. F. Vjckkall^ 

AniMani pathologint, Divimon of Forrot Pathology, Bureau of Plant Industry, 
I’nited States Department of AgiieuUure 

INTRODUCTION 

In llu' IKoraOin* nn wond-staining fungi there are severaldese/iip- 
tions {2, .t), 5, 0, 7,12, IS)* of elosts assoeiatioiis of certain species of 
staining fungi mtli certain [)ark beetles and their tunnels, mostly in 
relation to stain in standing timber. There is, however, practically 
no geiu'ral information on the means of dissemination of staining fungi 
to logs and lumber or the relative importance of these means. In 
fact, except for tin* work on hark heeth* disscunination, most state¬ 
ments referring to dissemination of staining fungi seem to he liased 
hugely on sui>position. 

During tlie ])ast 10 years considerable data on the dissemination of 
fungi that stain logs and lumber hav(> l>('(>n accuimdatcd by the 
Division of For(‘st Pathology at its New Orh'ans branch. Brief 
accounts of some of these findings have been published (.9, 11). 
Although the present studies are far from e.\huustive they probably 
give an adeijuate incture of dissemination insofar as it hem's on jmic- 
tieal control of stain in logs and lumber in Ijouisiana and Mississippi. 
Although th(> study was limit(*d to these two Stati's, there is no reason 
to believe that the ilata would not be applicable to other States in the 
Southern Pine Belt. 


MEANS OF DISSEMINATION 

AIR CURRENTS 

In an attempt to determine the prevalence of air-borne spores of 
staining fungi in mill yards, malt-agar jilates were exiiosed for 

1, and 2 minutes, most often for 1 minute. In table 1 an' listed the 
fungi secured in this manner. For convenience* of comparison the 
results were transformed to the uniform basis of 12.) plates exposed 
for 1 minute. 

It is evident from table I that the number of au'-honie spores of the 
important staining fungi in mill yards at a given time is not great 
hut that the number of spores of some of the less important staining 
fungi is high. Tliese results are based on e.\posures made in yards of 
average to good sanitation; none of the yards had s(*v(*re staining of 
lumber at the time exposures were made. Because of the huge 

> llpcpivod for iniWiPrttUJn NT.wh 10,1«41. ('ooperotive investIgations of the Division of Forest rathol- 
ORy, BtiroHii of I’jnnt ln(1ustr>, ftiui the Southern Forest Kxiieriinent Stall* n, Forest Service, i'. S 
Department of AKricultum. , ^ ^ a 

* The author 1^ indebted to T. E. Sii>der and IT. R Johnston, of the Hureaii of EntoiiioIoRy and riant 
Quarantine, tl. S. Deivirtment of Ajineulture, for the identiflcatiun of luanv of the insects mentioned in 
tins pnfier and for suRjrestions on the insect phases ol the study ^ 

»Ilsile numbers In parenthesi's refer to Tiitcnture C’lletl, p .157 
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Tabli< ] - Fungi developing in malt-agar plates ixpostd in lumhti-sfosoning yards 

and inside miUs 


runyni** 


Important staminf; fnnf;i 
renUostomelta ips Kumliold 
Ctraiostomella plumnnulata Hrd k 
hndoomtiwpkom cnervltscenn Munch 
Graphivm ngidum (Pors e\ Fr) Sate 
Hdmtntkotponun spp 
Minor stamina fungi 
Altnnaria «pp 
CfttdoMjpnrlum spp 
PuUviaria bpp . 
jyrula «i»p 

Dark, unaclennined • 

Nonstaming orgams us 


114a^ on US plate <■ (xpo^l at i mills on 11 difftnnt date'• diirme 1Q37 and 1938 

I Based on 105 plate e \|X)se d at 4 millb ein 7 difTcront date s during 1937 and 19 8 

> BaM dun 17 Plate stxiMsevI m2millse}ii 4 difTcnat dates in Deccmlier 1017 Millb ucn. cutting meistly 
hardwoods at the time.b eximsure s wore made 

* home of the staining fungi listed may be include d, but if so the > we re eibse lire d b\ molds and bact ria 

number of uonstaining fungi present, lli(‘ agar-plat(‘ exposure method 
entailed excessive culture work in sepoiutiiig the' developing colonies 
Therefore this method was dropped in favor of e\posur(‘s of steiih* 
wood blocks 

Pine blocks approximately 1X1X5 inches weie immersed for \ 
minute in boiling watei, and placed in steiile jais until exposed At 
each of 2 mills, on 4 occasions, 20 of these blocks weie suspended liy 
wires attached to nails in the ends ot the blocks These mills wtVe 
in central Mississippi and were approximately 50 miles apait One* 
mill had a clean yard with practically no stain, the olhei had a yard 
with a large pile of slabs at the edge that wen* gi(*eii and there was 
heavy stain in much of the lumber The blocks W(*ic* ex))osed for 20 
minutes and watched continuously for insect visitois All blocks 
touched by insects wen* discarded After exposuie the blocks weie 

Table 2 Fungi dfvtloping on pinewood blocknxposed foi dO nnnuUs in null ipitds 
with light and htavy stain mffction 


Piingi ((alpuht<>d) ppr 125 platts c\ 
iwscd for 1 minute in-r- 


llartlwtMHl 
yanls» 


Niimhtr 

(> 

J 

2 

0 

I 

19 

11(> 

104 

3 

21 

« 88 + 


Pim 
xards * 


0 

0 

f) 

0 

1 

7 

79 

142 

0 

5 

«40+ 


Mills 


Numher 

4 

192 

15 

55 

0 


187 

I 

U 

0 

H55+ 


nioiks Yielding fungi listed at indie ate d mill > ird and dub of 
e xfKMun 


I iinfi,i isolate d 


Important staining fungi 
( eratOBtomtta pUifera (ki ) Wint 
C eratonfomlla tp^ llunilKild 
IMmtnthosponum spp 
Minor <itaining fungi 
dttemana spp 
Cladoaportum spp 
I^uUiilana spp 
Dark unde termini d > 
Nonstaintng organisms 

Blocks exposed 


1 ard with light stain 


are] with he aw stain 


Ma> 

11 

liinr 

2J 

luly 

2N 

Aug 

40 

1 otal 

Ma> 

11 

lum 

24 

rui\ 

28 

Vui. 

40 

1 otal 

Per 

Per 

Pit 

Per 

Per 

Per 

I*tr 

Per 

Per 

Ptr 

cent 

cent 

cent 

cent 

cent 

cent 

init 

tin! 

itnt 

lint 

0 

9 

0 

9 

0 

0 

14 

0 

0 

4 

0 

9 

0 

0 

9 

0 

9 

14 

0 

4 

IN 

0 

4I> 

7 

14 

0 

( 

21 

22 

19 

55 

IN 

42 

43 

47 

42 

0 

14 

22 

21 

91 

0 

4h 

7 

40 

79 

9 

4(> 

11 

4(> 

45 

IN 

0 

7 

1(1 

If. 

9 

9 

44 

19 

n 

12 

29 

21 

H) 

1 11 

14 

14 

44 

17 

91 

190 

100 

79 

94 

95 

l(K> 

HK) 

1(N) 

08 

No 

No 

No 

No 

No 

^0 

No 

No 

Vo 

No 

11 

17 

14 

14 

5h 

^19 

It 

14 

9 

58 


• 9omt of the xtamlng fungi listed ma\ be inelueled, but if so the^v wen? obseund bs molds and barteria 
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returned to their jars. On 3 of the 4 exposuie days humidity was 
high. For (‘aeh t(‘st (> blocks were left unexposed as clu'cks. Al- 
thougli molds occasionally developed on these checks, no staining 
fungi were found. 

The fungi cultured from these blocks are listed in table 2. As in 
the* case of agar-platc'xposures, it is evident that the populations of 
sporc's of important staining fungi in the air were not great during the 
exposure periods, even in the yard with heavy stain and under hu¬ 
midity conditions favoring spore production and discharge. On 
other occasions Diplodia naialennin Evans and Graphiurn rigidum 
have been secured from the air, showing that all the important stain¬ 
ing fungi of Ihe Southern States {!()), with the possible exception of 
Diplodia sp., are at times air-borne. 

By far the most important staining fungi in the Southern States are 
Kndocoaidiophora voeruleHcenH and Gerafoxfomella plvriannvlaia on 
hardwoods and pit if era and iptt on pine. From the data pre¬ 
sented it might seem at first glance that air dissemination of these 
species is of very litth* importance. How('V(‘r, it must b(‘ remembered 
tiiat grcMUi wood in air-seasoning piles is in a condition favorable for 
infection over a period of days or weeks, depending on weather con¬ 
ditions. If the data are n^examiiied in the light of this fact, i. e., if 
the time ^\er(' days or wc^eks, instead of minutes as given in the tables, 
it is evident that appreciable numbers of spores can scuttle on lumber 
in pih»s during tin* period of susceptibility to infect ion by staining fungi. 
Since th(T(‘ are marke<l convection currents in new seasoning piles, 
air-bonie spon‘s can b(‘ carried tlmmghout the piles. 

INSECTS 

At 7 mills in Louisiana and Mississippi, on 20 occasions from 19117 
to 1940, insects found on or in seasoning lumber or slor<»d logs were 
collect('d in gelatin capsules, and, as soon as practicable, were trans¬ 
ferred to malt agar. The* fungi isolated from insects in this manner are 
listed in table li. 

In evaluating the importance, as stain disseminators, of the various 
insects listed in table ;i, three factors must be considered: (1) The 
importance* of the fungus species candied, (2) the habits of the insects, 
and 0*1) the abundance of the insects on green wtmmI. Because of the 
first of th(*se factors a line was added to table* 2 giving the* pe*rcentage 
of the* varieuis inse*cts (*ulture*d that yie*lde*el important staining fungi. 
It will be ne)te*d that in the gi*oups labeled *‘()the*r beetle's,” “Dip¬ 
terous inse'cts,” and “Other insects,” an appreciable number carrie'd 
important staining fungi. He)weve»r, indiviehials cultuml in tlu'se 
grou])s were* eif s])e'cie*s that are not primarily associate*d with wood but 
are chance visitors te) lunibe*r se*asoning piles and ordinarily do not 
pe'ue'trate se*asoning pile*s. Therefore the*y do not inoculate wood in 
the parts of piles whe*re staining ma^ be seve're*, and probably are of 
little importance in disseminating staining fungi to seasoning lumbe*r. 
The*se inse'cts probably become contaminate'd with spore's from lumbe*r 
ends stained prior to sawing and from leigs. 

The impoHant inse*ct disseminators of staining fungi are prob¬ 
ably te> be founel among ambrosia beetles, bark beetle's, powder-post 
be'ctle's, and certain other inse'cts wheise life habits bring the*in in 
close ceuitact with wood. 
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AmBUOsI^ HliLIlLS 

It liab bom shown (,9; that in applying tlio conunon slani-conlntl 
rhouiicals to storod haidwood logs, stain is not pro\ontod il amlnosia 
bootlo attack is lioavy Because of this it seems that ambiosia beetles 
must be common and effective cai riel's of staining fungi Since 
ambrosia beetles heavily attack not only logs but also lr<*shly sawed 
lumber of the most staui-susceptiblc hardwood species, such as sweet- 
gimi, they are also important m inoculating lumber. This inoculation 
18 particularly effective, smee the attacking adult bores deeply into 
the wood where the stauiing fungus would not be affectc'd by anj 
surface chemical treatment The stain refei red to in this discussion 
IS not the ri*stiicted blackemiig around the tunnels of certain amlnosia 
beetles but the common at am found in sapwood ol many tree species 
without beetle attack. Of the 176 adult ambrosia beetles eulturc'd 
(Plaiypuis compositus Say, Xyhborus qffinn Eich., PUrocyclon mail 
Fitch, and undc'termiiieu ambrosia beetles), 16 percent yielded im¬ 
portant staming fungi. Although this percentage is not high, it 
seems'likely that ambrosia booth's ore important stam dissemuiatois 
since they attack both hardwood logs and lumbef in large numbers. 
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H\rk Beetles 

Tlio close associations of certain wood-staining fungi with IpR 
{2j 4, 5, (J)t DendroctonnH (5, 7), and Scoh/tus {12, 13) have been 

demonstrated. Most of this work eoneenis associations of fungi and 
beetle's in standing timber, although some of it was done with felled 
timber U). 

During the present investigations the only important bark beetles 
encountered were and its close relative, Ortholoinicufi caelatVH 
(Kieh.). A high ])ereenlage of the adults cd both genera cultured 
yi('lded (WaUnttotmdla ipa, and the probability is that all individuals 
carry this fungus. On om* occasion fresh //w engravings in a j)ine 
log that was as yc't unstained yielded IJiplodia naialen>tis and on an¬ 
other occasion Diplodia sp. Furtli('rinore, from adult Ipft collectc'd 
in mill yards, Graphiunij Alternaria, Pullularia, and (ladosporivm 
wen* isolated; and from adult O, eaelafus from mill yards, (^(ratosto- 
mella pillfera, Pullularia, and dadosporium W(*r(* isolat(*d in addition 
to (\'ratoNtomella which is the specific staining fungus associated 
with fps spp. Both Ips and OrthotomicuH an* attracted in large 
numbers to fresh ])ine lumber in seasoning piles during the flight 
season and were* obs<*rved penetrating deeply into the piles. When 
waiu's are pn*sent, l>ark beetles penetrate through the bark and can 
thus inoculate below the chemical dips used for stain control. ITow- 
(»vc*r, inoculation may also occur merely by spores left when the adults 
walk on tin* lumber surface. This is the reasonable explanation of 
tin* occurrence of (\ ipx in tc*st lumber, previously reportecl {10), 
Prol)ably the most important inoculations accomplished by i)ark 
b(*c*tles ar<* in freshly cut pine logs, which are freciiiently attack(*d in 
large numb(*rs when stored for only short i)c*riods. Bark be(*tle infes¬ 
tations in logs probably have increased with the prc'sent practice, 
in the South, of using dry log storage instead of storage in jiiillpoiids 
as was pn*viously common. During the ])r(*sent investigations most 
of the s(»rious pine log stain observed w’as associat(*d with Jpti and 
Orthofowicus infestations. 

When periodic outbr(*aks of IhndroctonuH frontalifi Zimin, occur in 
standing timber ((V), it seems likely that this beetle is an important 
disseminating agent of (\ratostomella pint in mill yards as wm*I 1 as in 
trees and logs. There is also the ])Ossibility that the air may be full of 
spores from dead trees during active outbreaks, such as tin* r<»C(*nt 
one in eastern Virginia, near mills of the ('amp Manufacturing Co. 
The close association of this beetle and tin* staining fungus C. ynw/ 
has be(‘n demonstrated (5). 

The only other bark beetle noted during this study w^as a species of 
Pissodefi that was sometimes found tunneling into w;au(‘s on pine 
lumber. No imiiortant staining fungi, however, w;ere isolated from 
the 15 adults collected on several occasions. This b(*etle was not 
abundant. There are other genera of bark beetles that attack green 
logs and probably cany staining fungi to some extent. 

PoiVDEU-PoST BeE'I LE^ 

No study was made of the Lyctvs group, as these insectsmaturein 
wood too (Iry for stain development, llow'ever, one of the powder- 


* SiHscies not dptormtned 



\ ol hi, N(I » 


554 Jovnial of Agrlcu/tvral Be^earvh 

post beetles eneoiiiitered, Xylohwps bimUaria (Say), attacks green 
pecan, persimmon, and ash lumber. On one occasion 20 adults of 
X bamtaru were captured on or as they started to penetrate green 
pecan lumber, and 55 percent were found to be carrying important 
staining fungi. This higli percentage was surprising, since at tin* mill 
where the beetles were captured they were observe^d only in p(*can and 
ash woods, in which staining is not a problem, and since*, so far us is 
known, X, basUaris reejuires at least 4 months to compl(*te its life* 
cycle. In 4 months most seasoning lumber would be too dry to 
support any luxuriant growth of staining fungi, and consequent]v 
emej'ging adults would not be heavily (*ontaminat(*d with such fungi. 
Little is known of the habits of this beetle, but it is ])ossibl(‘ tliat 
after emergence the adults from which the cultiin's were made luul 
visited stained sweetgum or other lumber bearing a lu'uvy growth of 
staining fungi, or that the adults had emergc'd fi*om logs wh(*r(* tin* 
moisture cont(*nt remained sufficiently high during tlu* life cych* of the 
insect for abundant fruiting to occur in the tunnels at the time* of 
emergence. Only if it can be shown that A', boftilojis commonly 
visits the more stain-susceptible species of ^ood in its journey to 
the wood species in which it breeds can it lx* (‘onsiden^d an important 
agent of dissemination. The number of this Ix'etle observed was not 
large. 

Misckllaneoc s Insects of Possible Imfoutwcb 

When lumber or logs support growths of staining or molding fungi 
on the surface, there are commonly pn*sent large* number’s of adults of 
staphylinids, a small preelaceous carabid, and t(*iu*brionids, and also a 
small dipterous larva. These insects wallow in the fungus growth 
and undoubtedly become covered wuth the spores of the fungi fruiting 
on the wood surface*. Apparently little is know'ii of the habits of 
these insects and the ext(*nt to wdiich thc»y migrate to fre»sh unstaine*el 
wood. The staphyliiiiels and te*ne'brionids, howe*vtr, ha\e be*e*n ob- 
sei*ved in apprecianle numbers in bulk-pile'd green lumber that was 
waiting to be stackc'd in seasoning pile*s. The valuc*s in table* 3 foi* 
these insects are based on isolations from adults captuivd on bulke*d 
lumber. 

MITES 

Mites are common in lumbe*r-s(*asoning piles. Although no iseda- 
tions were attempte*d fnim them it is concc*ivable that they cause 
considerable sc*condaj*y spread of staining fungi within a given pile. 
Mites occurring under bark, boards, slabs, etc., are* known ofte*n to 
carry spore's (S). 

MILLING MACmNERY 

Lumber may be he'avily inoculate'd during the* milling ope*ration. 
A certain amount of fruiting of staining fungi commonly occurs on 
logs, particularly at the ends of hardwood logs. Inoculum from the* 
ends of logs is thrown into the air by saws and also carrie'd by saws 
and rollers to the surface of lumber coming in contae*t with the*m. 
In table 1 are listed the* results of exposure of agar plate's inside mills. 
The two mills in which exposures were made were* cutting mostly 
hardwoods at the time the tests were made. The log supplic's were 
average- not heavily staimHl. It is evid(*nt from table 1 that spore 
populations inside mills are large as compan*d vn\h those in season¬ 
ing yards. 
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Tliat ijntm»t(‘d wood leaves mills inoculated with spores of staining: 
fungi was further dcmionstrated by incubating in sterile jars pieces of 
bright wood collect(‘d at the edger and end trimmcT. Of 25 pieces 
collect<»d during the sunirner and winter of 1987, 20 stained heavily 
with Kndoconidiophora coervleiseenft, CeratoHfomella pluriannulaUiy and 
Graph ium rigidum on hardwoods, and (\ ips and C. pllijera on pine. 
WIh'ii only logs appanuitly free of stain w<ue being cut, about one- 
half the blocks of both pine and hardwood remained stain-free, 
but when stained logs were being cut all the blocks stained lu^avily 
(‘Veil though th(‘ t('st material w^as tak(‘n s(‘veral feet from visible 
slain or from slain-fr(‘e logs. 

RAIN WATER 

Staining fungi ha\ (‘ b(‘en caught in rain w'ater dripping from lunib(‘r 
pih's. In a ])roperIy constructed pile, water-carried spor(‘S are prob¬ 
ably of littl(‘ importance since rain w'ater m(‘rely runs over the outside 
of the pil(‘, inoculating wood that usually dries too rapidly for much 
stain d(‘V('lopm(‘nt. 

INFECTED WOOD 

Dissemination by the transport of inf(‘ct(‘d wood probably has a 
practical b(‘aring only in th(‘ case of stain(‘d grc'en cross stick(*rs us(‘d 
jii s(‘asoning-pile constructuui. At some small mills, untreat(‘d green 
('dgings ar(‘ used for cross stickers and fivcpientlv are infc‘cted befor(‘ 
th(‘y are usc'd in the pile. “Sticker stain,” resulting from the direct 
transfer of 1h<‘ staining fungus from the sticki'i* to the lumber in con¬ 
tact w'ith it, is common in lh(‘S(‘ cas(‘s. Transfi'r from stain(‘d to 
uns(ain(‘d wood by din'ct contact has hc‘(‘n (‘xpc'rirnentally secuivd 
with CiratosiomGla ipSy (\ pdiJirUy I >iplod la nafahnnisy and Jindo- 
conidiophota rotnihsetns, ()th(‘r fungi w^en* not tri(‘d. 

RELATION OF CHEMICAL CONTROL TREATMENTS TO 
DISSEMINATION 

It ih now a common practice to dip frc‘shly sawed lumh(‘r in a toxic 
ch(‘inical solution prior to air M‘asoning (<9). Undoubt(‘dly this 
practice has inarki'dly chang(‘d tin* importance of some means of 
dihs(‘iuination. Fungus spoivs diss(‘minat(Mi during the milling opera¬ 
tion ar(‘ supposi‘dly kilh'd in ]mssing through chemical dips. ljk(‘- 
wis(‘, air-borne spores and thos(‘ carri(‘d by ins(‘cts lighting and crawl¬ 
ing on tr(‘ated lumber are probably renderc'd largely ineffective by 
any toxic coating on tin* surface of tin* lumber. During prolonged 
p(‘riods of wet weatln'r, when ch(*mical tr(‘atnients may fail to prot('ct 
wood from staining, spores carrit'd by air ciirn'iits probably still play 
an important part in the dissemination of staining fungi. Since 
chemical lreatmi*nt of exposi'd wood on log ends is tin* excejition 
rather than the rule, dissemination to tlu'se (‘uds by m(‘ans of air 
currents and nonpcuietrating insects is still relativc'ly important. 

(Miemical dips have affected not only the importance of primarv 
inoculations in fiosh lumbc'r but also sc'condary sprimd within s(‘ason- 
ing pih‘s by redu(‘ing the amount of inoculum present. At 28^^ to 80° 
C. the time betw'cen inoculation and ])roduction of new spor(‘s on 
untr(‘al('d giTcn w’ood was 40 hours for (^eratoslomella ips, 22 hours for 
(\ pilijfcra, 22 to 70 hours for (L plurianvviafa, 22 to 41) hours for 
Kndoconidiophora coerulescens, and 22 hours for Graphtum rigidum. 
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ThosM* spores, resulting fmm primary infectious, can be carried by 
various means to other parts of the same lumber pile before the 
surface of the wood is tew <lry for infection. Although similar values 
arc not available for s{M)rula'tion on treated wood, it can be assumed 
that most primary inoculations would never cause infections and that 
where infection occiu^ the period before new spore production would 
be longer than on untreated wood, n'sulting in much less secondary 
spread within the pile. 

From observations made* during the testing of commercial stain- 
control chemicals (,9) it was obvious that these chemicals hail little 
effect as insecticides against ambrosia bi'etles. Although based on 
leas evidence, there arc Jiulications that stain-control chemicals 
likewise have little deterrent action on bark beetles boring into bark 
fragments left on tri'ated lumber or on beetles crawling on tri'ated 
lumber. Thus the chemical treatments probably have had little 
effect on spores earned by ambrosia and bark beetles where inocula¬ 
tion is made lielow the treated surface. Treatment, however, would 
reduce the importance of inoculations made by thes<> beetli'S on the 
wood surface where they light and crawl prior to penetration. 

DISCUSSION AND SUMMARY 

vStaining fungi are disseminated by means of air currents, insects, 
milling raaehini'ry, rain water, and the transport of infected W'ood. 

Of the important staining fungi, (\ ratostoimlla pilijera, (\ ips, 
(\ pluriaunmata, Endoconidhnhora coerulescens, Graphivm rigidum, 
and Dipiodia natalensis wi're found to i)e carried by air and insects; 
(\ pilifera, (\ ins, (\ plvriannulaia, K. coeruleseens, and (H. rigidum 
by milling machineiy; and (\ pUifera, (\ ips, K coerultseens, and 
I). nataJensis by the transport of infected wood. Although most 
staining fungi arc disseminated by various means, (\ ips and probably 
(\ jfini are disseminated mostly by the bark beetles with which they 
are specifically associateil. 

Air-borne spores are now' of less importance than before chemical 
treatmi'Uts were in common use. However, they probably remain 
important since they may infect log ends, untreated liunber at tlu* 
few mills not employing dips, and treated lumber during prolong'd 
wet periods, when chemical treatments are not particularly effi'cfive. 

Although many species of insi'cts commonly carry staining fungi, 
the effectiveness of inoculations by most species is lessened by the 
faet that inoculations are in the outer parts of seasonmg piles, where 
the lumber dries too rapidly for much slain development, and by the 
use of chemical treatments. However, two groups of insects, the 
ambrosia beetles and the bark beetles, remain of practical importance 
as carriers of staining fungi. Bark beetles are important mainly in 
inoculatmg pine logs, and ambrosia beetles in inoculating hardw'ood 
logs. Ambrosia beetles also attack green lumber of species most 
susceptible to stnijiiug, inoculating it below proti'ctive surface chem¬ 
icals. All the indications arc that none of the commercial stain- 
control chemicals in common use have any rei)ellent effect on 
ambrosia and bark beetles. For the control of staiii there is need 
of cheap and effective methods of repelling ambrosia and bark beetles 
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from logs and the former also from lumbcM*. A start lias Ixmmi made 
toward filling this need {1). 

Dissemination and inoculation during tlip milling jirooess are im- 

1 )ortant when no chemical treatment is applied to the* lumber as it 
eaves the mill. This importance increases when stained logs an* 
being milled. Since chemical treatments are now commonly us(*d to 
reduce stain infection, spores disseminated within mills are proliably 
of little importanc(‘. 

Spor(‘s carried by rain water probably are not of much importance, 
since in well-constructed seasoning piles water does not penetrate the 
interior of the piles, wlu*re most serious staining occurs. 

Dissemination by the transport of infect(‘d wood may lx* important 
in causing “sticker stain,’* when stain(*d green cross stickers an* used 
in constructing seasoning piles. 

In the practical application of data on dissemination, it is necessary 
to consid(*r not only tlie agents of dissemination but also the sources 
of inoculum. It was pointed out that the general use of stain-control 
ch(*mi(*als has probably greatly reduced tlx* amount of inoculum of 
staining fungi in S(*asoning yards. Previously reported observations 
(11) imiicate that slabs, eilgings, and similar green material are suited 
to the production of spores of staining fungi in large numbers but that 
old and weathen^d debris is not. Therefore, sanitation in and arouml 
s(*asoning yards should include restriction of accumulations of green 
refuse of both pine and hardwood. With hardwoods, fruiting of 
staining fungi is also common on the ends of logs and tlx* ends of 
lumIxT cut from stained logs (10). This argix*s for quicker utilization 
of hardwood logs and wider use of chemical tn^atmi'iits for hardwood 
log ends (9). 
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EFFECT OF DIFFERENT SOIL COLLOIDS ON THE 
TOXICITY OF SODIUM SELENITE TO MILLET ' 

By P L (iiT.B, aeniot fhennst, and II. W Lakin, atsieiate cheimut, Divimon >tf 
Sod ('hemwhy and PhyKim, liuieau of Plant Judiutry, Vnited Siatts Derailment 
of AgncuUme 

INTRODUCTION 

In n ni'cvious study it was shown that tho to.virity of sodium sdonote 
for niillc't and wheat is V(*ry little affected by different soil colloids 
(7) ‘ It was ])ointed out, liowever, that the results obtained with 
sodium selenate should uot be taken as applying to other forms of 
selenium, since preliminairy experiments indicated that the selenite 
ion liehaves quite differently fniin the sidenate. The ri*sult8 reported 
in this paper deal with the effi*cta of different soil colloids on the to,xic- 
ity of sodium selenite. 

METHODS 

Tlie toxicity of sodium selenife was measured childly by the growth 
of foxtail millet (Setaria ilaliea (L.) Beauv.), although some experi¬ 
ments were oondueted with Marquis wheat (Tnticum aentipum L.) and 
with nee (Oryza mliim L.). The plants were grown in pure quartz 
sand and in mixtur(*s of soil and sand containing usually 1 percent of 
colloidal soil material. Quantities of sodium selenite near the iiuanlity 
requirisl to reduce the yield on<*-half were applied to the two meiliums, 
and the exact (piantity of selenite rwjuired for half injury was deter¬ 
mined from a gra)>h of yields plottisl against selenite applications. 
The value for quartz sand subtracted from the value for a sand-soil 
mixture gave a ngun* representing the effiTt of the soil application on 
selenite toxicity. As in previous publications ( 6 *. 7), this effwt of the 
soil was assumed to hi* due to the colloidal material present. 

The fiM’tilizer mixture addixl to each 1 -gallon pot containing about 
.) kg. of quart/ sand or sand-soil mixture was 0.93 gm. of potas¬ 
sium nitrat(‘, 0.33 gm. of ammonium sulfate, 0.0185 gm. of ferric 
tartrate, 0 . 4‘2 gm. of magm'simn chloride (M^'’l 3 . 6 H 2 ()), 0.085 gm. of 
sodium chloride, 0.0015 gm. of manganese sulfate (MnS() 4 . 2 lL()), and 
quantities of monocalcium phosphate that varied according to the 
estimatwl capacities of the soil for rendering phosphate unavailable (5). 
In most of the experiments 0.12 part per million of copper, 0.06 p. p. m. 
of zinc, aiul O.l p. p. m. of lioron were also added. These salts, as wrell 
as the sodium selenite, were dissolvcil in the 750 cc. of water making up 
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the water content of Oie pot and added to the top of the pot. The 
fertilizer added to the whole soils in experiments 1, 2 , and 3 was 1.4f 
gm. of potassium nitrate, 0.33 gm. of ammonium sulfate, 0.136 gm 
of ammonium chloride, and the variable quantities of calcium 
monophosphate expressed as P2O1 shown in table 1. 

Data r^^arding the soils used in this study are given in previous 
publications as follows; Nos, 188 to 392 ( 8 , 15 ); Nos. 6678 to 8736 
(/«); 9476 and B407 (IS); 9804 and 9805 (4); BIO86 (S); C799 to 
C805, C1478, and C1479 (/); C913, C1872, and ri673 (S); C2917 and 
C2918 (from the same location ns Nos. 10083 and 10084, respectively), 
and C2920 and C2930 (from the same location as Nos. 10305 anti 
10306) (4). Soils C3175 and C3177 are described in a forthcoming 
publication.’ 

PRELIMINARY EXPERIMENTS 

In preliminary work a few experiments were conducted with whole 
soils and with quartz sand. The results are given in table 1. 

The results show that sodium selenite is higlily toxic in quartz sand 
but relatively nontoxic in whole soils. Only 0.0014 gm. of selenium ns 
selenite per pot was required to produce half injury in quartz sand; 
whereas in tne Chester, Vernon, and Muskingum soils, 0.0100 gm t>f 
selenium produced no injury whatever, and in the Kirvin B soil even 
0.0800 gm. had no effect on growth. In tlie Colby soil, however, 0 0068 
to 0.0100 gm. of selenium was sufBcient to reduce grow'tli oiu'-half. 
Quite different results were obtained in previous work with sodium 
selenate. The selanate was only a little Iros toxic in whole soils than 
in quartz sand. The average nalf>toxicity value for 14 whol(> soils 
was 0.0066 and for quartz sand in the same experiments, 0.0042. 
Although soils have no appreciable capacity for fixing the selenate 
ion, they evidently have a considerable capiu’ity for fixing selenite 

In none of these experiments was there any evidence of grow'th 
being stimulated by sodium selenite. 

Seemingly sodium selenite is more toxic in quartz sand tlian sodium 
selenate. In these* experiments 0.0014 gm. of selenium as selenite 
per pot produced half injury in quartz sand as compared with 0.0044 
gm. of selenium as selenate, found in previous work (7). However, 
the toxicity of the selenate varies markedly with the sulfate supply 
(7, 10 ). An experiment was therefore conducted to see whether sele- 
niU* toxicity is likewise affected by the sulfate concentration. In 
this experiment Marquis wheat was grown in quartz sand, eight plants 
per pot; the sulfate supply was varied by substituting ammonium 
sulfate in the standard fertilizer. The quantity of monocalcium 
phosphato applied was equivalent to 0.20 gm. of phosphorus per pot. 
The results are shown in table 2. 
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Table 1 —Effect of different whole soils on toxicity of sodium selenite to millet 
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I The half toxicity value Is «omethlng less than 00026 The true value caDuot hi determined from the 
data because of the curvature of the toxicit> curve and interi olation betseecn distant iKints 

Table 2 —Influence of sulfate on toxicity of sodium selenite to wheat in quartz sand 
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In this experiment the seloniio required for half injury is eonstai 
within the limits of experimental accuracy for fivefold and t<‘nfo 
variations in the sulfate supply. Evidently selenite toxicity 
affected little or not at all by the sulfate concentration, at least i 
long as the supply is sufficient for normal growth. Nevertheless, it 
possible that the injury produced by selenite, as well as by selenat 
may be due to an insufficiency of sulfur in the plant. 

An experiment was also conducted to see whether toxicity of tl 
selenite is influenced by the phosphate supply. This was necessar 
since in subsequent expi^riments the phosphate applications to ditfe 
ent sand-soil mixtures were varied according to the estimated capa( 
ties of the soils for phosphate fixation. Also, one might expect i 
antagonism between phosphate and selenite. The results of tl 
experiment, conducted with millet grown in quartz sand and in tv 
sand-soil mixtures, are shown in talde 3. 

The toxicity values for higli and low phosphate applications are tl 
same, withm experimental error, in quartz sand and in theMarslu 
soil-sand mixture. In the Cecil soil-sand mixture it apparently tak« 
more selenite to reduce the yield one-half with the lovrest phospha 
application than it does vritt the two higher phosphate application 
It will l)e noted that the low^est phosphate application in th(‘ Cv( 
soil-sand mixture was not sufficient for maximum growth in tin 
mixture. It may be concluded that the toxicity value for sodiui 
selenite does not vary witli the phosphate* supply so long ns tins 
sufficient for maximum growth. Similar results'w(*re ol)taine(l pr 
viously with sodium selenate (7) and calcium arseinite (6*). 

SPECIFIC EFFECTS OF SOIL COLLOIDS ON SELENITE TOXICIT 

The effect of different soil colloids on S(»l(‘nite toxicity was d(*l(* 
mined in sand-soil mixtures that contnin(*(l sufficient soil t(» supply f 
gm. of colloid per pot, equivalent to about J percent of tin* sand-so 
mixture. Millet was grovn in all experiments except one in w'hic 
Marquis wheat w^as the crop plant. The results arc* shown in table 
The weight of the roots was recorded in order that the selenium al 
sorbed by the plant might be determined; but only the W(*ight of to| 
(the part of the plant above ground) was used in estimating tl 
quantity of selenite that reduced (n*owth one-half. 

The half-toxicity values (selenium required to reduce* tin* yiel 
one-half) given in table 4 are those obtaining in (]uartz sand < 
in sand-soil mixtures. By subtracting the sand value from that < 
the sand-soil mixture, a half-toxicitv value is obtaiiu'd which repr< 
sonts the* effect of 50 gm. of colloid per pot or of 1 percent of so 
colloid. These specific values, expressed as grams of seh'nium p< 
pot, are shown in table 5. Data in tabl(*s 3 and 7 as well as in table 
were used in compiling this table. Values given for tin* Collr 
Marshall, Cecil, and Kirvin soils are averages of duplicate dete* 
minations. 
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Table 4 —Effect of different eoil caUoide on ioxtetty of eodtum Belenite to plant growth m sand-^soil mvdures 

[Mdlet grown except as otherwise indicated] 
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Table hr—Specific effects of soil eoUoids on selenite toxicity as related to chemical 

composition 
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The accuracy of the half>toxicity values shown in table r> cannot be 
calculated exactly, but probably most values are accurate within 10 
to 20 percent of the valu<*8 given. This is indicat(‘d by the agree¬ 
ment of duplicate determinations appearinsr in tables 3, 4. and 7. 
The duplicate half-toxicity valura of the soil colloids are ns follows: 
Colby, 0.0025 and 0.0023; Marshall, 0.0023 and 0.0029; Cecil, 0.0077 
and 0.0050; and the Kiryin 12- to 24-inch layer, 0.0050 and 0.0051. 
There are also 14 determinations of selenite toxicity in pure quartz, 
sand. These are not strictly duplicate determinations, since different 
shipments of sand varied m the impurities present, b«it they give 
some idea of the experimental error. The extremes of the 14 deter¬ 
minations are 0.0010 and 0.0022; the average value is 0.0014, and 
the standard deviation ±0.0003. 

The values given in table 5 show that the soil colloids vary widely 
in their effect on sodium selenite. Tlie highest value is more than 10 
times the lowest. This is in stnmg contrast with the uniform absence 
of any effect on sodium selenate. However, in pievious work a 
somewhat greater variation was found in the effect ol different 
colloids on calcium arsenate (f?). 

The values given in table 5 shouhl fairly R'present tin* comi)arative 
effects of the different soil colloids on selenite, since they were obtained 
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by moasurinp thr oflVcts of oqual caiaiititios of rnatorial uti'Ict similar 
roiiditions. It soonih, liow<»voi\ iliat those valines representing the 
(‘/feet of 1 jiereent of eolloid cannot safely he used for ealeulaling: the 
effects of the whole soils on selenite. Wlnsi the values are multiplied 
by the percentajre of colloid in the soil, the results in some instances 
are quite far from th<» actual effect of the whole soils. Thi^ Is indi¬ 
cated by tin* results of experiment 14 (table 4'i in which the effects 
of increasing quantities of colloid are compared. 

It wull l>e seen that the effect of the cxilloid on selenite increases 
with the quantity of colloid appliecl, but the results are not consistent. 
In the case of the Colby and Kirvin soil-sand mixtures, increasing the 
colloid by three times increases the effect on selenite not by three 
tiim*s but by appwxiniately two times. The result with 20 gm. of 
(Miester colloid is anomalous but apparently is not due to experimental 
eri*or. In previous w'ork with calcium arsimate the effect of the 
colloid increased in direct proportion to the quantity applied, up to 
applications of 100 or 150 gm. of colloid, although it was presumed 
that the relation w'ould not hold for much larger quantities of colloid. 
The i)Oorer results obtained with selenitic might be due to tiu' fact 
that sodium selenite was applied in solution to the top of the pot; 
whereas the calcium arsenate was mixed with the whole volume of 
the sand-soil mixture. 

The s])ecitic (‘fr<»cts of the colloids bear little relation to llie broad 
groups of soils established by soil classification. Some of the data, 
such as the comparative effects of topsoil and subsoil colloids, indicate 
that the effect of a colloid may be associatisl with a minor character¬ 
istic. Values given in table 5 for two layers of th(‘ same soil are 
brought together in table ti. 

Tvblk 0.--Kffcch of coUoiih two thffenni layas of the same noil type on half- 

lonnty values 
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HaK«*rstowii, Nos 0791) and Vm) 
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0037 I 00% 


In five soils the colloidal material of the deeper soil layer had almost 
(‘xactly the same (‘fleet on st'hmite toxicity as the colloid in the layer 
nearer the surface, but in four other soils the upper soil colloid was 
considerably more (jff('ctive than the Iowhu*. It was thought possible 
that the greater effoptiveness of the upper colloid obtaining in some 
cases might be duo to organic matt(T. Several experiments were 
conclucted to sec if this was correct. 
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EXPKRIMBNTS TO EXPLAIN SPECIFIC EFFECTS OF DIFFERENT SOIL COLLOIDS 

In pxperimpnt 15 (table 7), various organic materials were a]^pliud 
in conjunction with the Kirvin 12- to 24-inch material to sec if the 
two materials together would have an effect approaching that of tlie 
Kirvin surface layer. The Kirvin subsoil was addtnl to quartz sand 
at a rate to supply 50 gm. of colloid per pot; the organic materials 
were added at the rate of 10 gm. per pot. The peat was a recHl peat 
of pH 4.84; the “peat+CaCOj” was the same peat limed to pH 6.81. 
The activated charcoal was a commercial product rendered prac¬ 
tically neutral by wasliing with distilli'd watffl*. The so-called humus 
was the finest, more dtHJompostKi forest litter found on top of Chester 
soil. It had a pll value of 3.89. Millet was the crop plant. 

The organic materials alone, that is, mixed with quartz sand, all 
had slight capacities for reducing the toxicity of sodium selenite. 
Added to the mixture of sand and Kirvin soil, only the humus incrcosed 
the capacity of the mixture for rendering selenite nontoxic, but the 
half-toxicity value characteristic of the whole mixture (sand+Kirvin 
soil-t-humus) was not significantly greater than that of the separate 
constituents. The results of this experiment do not supm>rt the idea 
that the toxicity valu(*s of some A horizons are higher than tlH)8e of 
B horizons owing to the presence of more organic matter. 

It was thought possible, however, that some kind of organic matter 
miglit affect toxicity vahies by creating reducing conditions. An 
experiment was conducted in W'hich exaggerated re«iucin{i conditions 
were produced by maintaining an excessive water content in the sand- 
soil mixtures and by maintaining an excrasive water content in 
conjunction with ad<led oiganic matter Kobinson ( 1 ^) has sliown 
that when soils are kept under submergc'd conditions considerabh* 
iron is rendered soluble, particularly in the case of soils high in organic 
matter. If soluble in>u were pmduced in the sand-soil mixture, this 
might combine with the st'lenite and render it less toxic. 

Experiment 16, in which excess water was kept in soiiu* of the jmls, 
was conducted with rice, since this plant grow's well in soil with either 
a normal or excessive water content. In tliis expenment the standard 
fertilizer shown on page 559 was applied; 7 rice plants W(‘r»' gmwn per 
pot; 10 gm. of Hyperhumus was applied per pot, and the Muskingum 
soil was applied at the rate of 50 gm. of colloid per pot. The Hyper¬ 
humus is a commercial peat of pH 5, used currently for soil impi-ovi'- 
ment. All pots were kept at a water content of 1.5 percent until the 
plants formed their third leaf. The water content of half the jwts 
was then raised to 29 percent, which was sufficient to more than 
saturate the sand and the sand-soil mixtures. The results of experi¬ 
ment 16 are shown in table 7. 

The sodium selenite was somewhat less toxic in ouartz sand at the 
higlier water content than at the lower; that is, the lialf-toxicity value 
of the sand was greater at tlie high water content. Whetlier the 
capacities of the soil and peat for reducing selenite toxicity were af¬ 
fected by the water content can be seen when the half-toxicity values 
of quartz sand are subtracted from those of the sand-soil mixtures. 
Under low and high water content the Muskingum soil had half- 
'toxicity values of 0.0064 gm. and 0.0058 gm., the Hyperhumus had 
half-toxicity values of 0.0004 gm. and 0.0003'gm., and the mixture of 
Muskingum soil and Hyperhumus had half-toxicity values of 0.0072 



Nov. 15,1941 


Toxicity oj Sodium Selenite to MiUet 


575 


gm. and 0.0060 It is also to bo notod that the half-toxicity values 
of the mixture of Muskingum soil and Hyperhumus are almost exactly 
the sum of the half-toxieity values of the separate constituents. 
Evidently reducing conditions induced by saturation of the sand-soil 
mixtures had no effect on the capacity of Muskingum soil colloids 
for rendering sodium selenite less toxic, even when considerable 
organic matter was present. 

Before experiment 16 (table 7) was carried out, a similar experiment 
had been conducted with a moss peat of pll 5 instead of Hyperhumus, 
Seed was planted on Janua^ 2, but growth was so weak and spindling, 
presumably owing to insuincient sunlight, that the plants were cut 
on January 25. The air-dry yields of pots receiving no selenium were 
only about 0.10 gm. per pot. it was assumed that this experiment 
was a complete failure; hence seed for experiment 16 (table 7) was 
planted on February 21. It is of interest to note that the slight yields 
of this seemingly abortive* experiment gave half-toxicity values similar 
to those of experiment 16 jiist discussed. Under low and high water 
content the half-toxicity values wore as follows: For quartz sand 
0.0015 and 0.0019 gm.;'for the Muskingum soil, 0.0075 and 0.0071 
gm.; for the peat, 0.0005 and 0.0021 gm.; and for the mixture of peat 
and Muskingum soil, 0.0070 and 0.0081 gm. 

Naturally it was thought that the effect of the colloidal materials 
on selenite was at least partly due to the iron content, since work of 
Williams and By(»rs {J6) had indicated that soils may contain an 
insoluble basic ferric selenite. Experiments were therefore conducted 
with artificial irtm gels; not that positive results would necessarily 
prove the correctness of the idea, but that negative* results would 
practically disprove it. The results of experiments 17 and 18 with a 
dry and a moist iron gel arc* shown in table 7. The gels were prepared 
from ferric chloride and sodium hydroxide. The precipitates were 
washc*d by decantation until they began to disperse. The moist ^*1 
was th(«n dried on a steam bath. About 10 gm. of the dry gel and a 
quantity of moist gel equivalent to the 10 gm. of dry gel were applied 
pc*r pot. It was necessaiy to apply a large amount of phosphate to 
the pots r<*ceiving iron gc*ls in order to supply the plants with phos¬ 
phoric acid. The results of experiment 18 inclicate that the quantity 
of phosphate applied to pots containing the moist gel was insufficient. 
The variable yi(*lds with ai*leiiitc applications l(*ss than 0.0960 gm. of 
selenium per pot were presumably due to variations in available 
phosphate. It was difficult to mix the phosphate evenly with the moist 
mixture of sand and iron gel. The value of about 0.1 gm. of selenium 
required for reducing the* yield one-half in the presc*ncc of the moist 
gel is probably only a])proximate, but it is evidently many times 
greater than the 0.0070 value characterizing the dry g(*l. The effect 
of iron gels on sodium selenite obviously varic*s greatly with the 
condition of the gel and may bo vc*ry considerable. 

SPECIFIC EFFECTS OF SOIL COLLOIDS AS RELATED TO THEIR 
CHEMICAL COMPOSITION 

The figures shown in column 4 of table 5 are strictly the ri*sults of 
the soil applications but are assumed to represent the effects of the 
60 ^m, of colloidal material present. Prestimably the values we 
specific values for the soil colloids and may be regarded as showing 

428481—41- 2 
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that the selenite, expressed as grams of selenium pot, was rendered 
unavailable or nontoxic by 50 gm. of colloid. These values are sig¬ 
nificantly but imperfectly related to the ultimate chemical composition 
of the soil colloids. As shown at the bottom of table 5, the effects of 
the colloids on selenite are more closely related to the percentages of 
iron present than to the silica-sesquio^ude ratios of the colloids. The 
molecular ratios of iron to silica plus alumina were calculated and 
found to be related to the selenite values in about the same degiee as 
the simple percentages of iron. The coefficient of correlation was 
+0.44. 

These results are similar to those obtaiiied in a previous study (heal¬ 
ing with the effects of soil colloids on the toxicity of calcium arsenate 
(6). The coefficient of correlation between the arsenate values and 
percent^es of iron was +0.59, the same, within limits of error, as the 
correlation between selenite and iron. It would seem that tin* arse¬ 
nate and selenite values should be quite closely correlated, but appar¬ 
ently they are not. Twelve of the soils tested in this study of sodium 
selenite were used in the work on calcium arsenate. Tile (‘fleets of 
these soils on sedenite toxicity are redated to tin* ('ffc'cts on arsenate 
toxicity only to the degree expressed by the coc'fficient 0.47. 

The fact that toxicity values of sodium selenite are not more clos(*ly 
related to the perc(*ntages of iron than by coeffici(*nt 0.51 may In* ex- 
plainccl on the gr()iind that it is reactive iron rath(*r tlnin liJtal iron 
which is effectiv(* in rend(*ring the S(*lenite noutoxic. Unfortunately, 
methods are not available for deti'rmining the reactivity of iron in the 
soil colloids. Hut presumably the soil colloids may contain iron in 
forms that vary wiefely in tln*ir r(*activity with 8el(*nile, just as did the 
moist and dried iron gels previously mentioned. It is known tliat a 
varying pj*oportion of the iron is present as silicate* and that the fr(*(* 
iron oxide varies in crystalline structure and degn*!* of h>dration. 
Possibly each colloid contains not simple r(*aclive and nonreactive 
iron but iron in various degrees of reactivity, just as artificial catalysts 
contain atoms of varying reactivity. Such a condition could account 
for the significant, but not close, correlation b(*tween the sp(*cific 
effects of the cx)lloids on arsenate and s(»lc'nite. 

.pother factor affecting the toxicity values may b(» microbiological 
activiW. There was no control of tliis in the i*xp(»rim(*nts reported. 
According to Maassen (11) thc're an* several micro-organisms capable 
of reducing selenium salts to volatile organic compounds; prc'suniably 
sodium selenite could be reduced to metallic selenium in the soil, since 
Hurd-Karrer has reported the presence of metallic seh'iiium in wheat 
roots (fO). Hurd-Karrer (9) found elementary selenium nontoxic. 
The toxicities'of volatile selenium compounds in the soil have* not 
been determined, but presumably they are different from that of 
sodium selenite. Tlie formation of such compounds, therefore, 
would probably affect the toxicity values. 

The fact that during an exiHTimcmt there was usually a character¬ 
istic seleniinn odor in the greenhouse indicates that there was some 
microbiological action on the selenite applied. But whether it was 
of such a character or magnitude as to affect the haif-toxicity values 
appreciably is uncertain. Evidently it was not the chief factor affect¬ 
ing the values. If it had been, the correlation between the iron con¬ 
tent of the colloids and their effects on selenite would hardly have 
been as high as +0.51. 
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SELENIUM ABSORBED BY THE PLANTS 

The quantities of selenium absorbc^d by the plants were* detenniiied 
by separate analyses made of the roots and tops by the method 
described by Williams and Lakiu (/7). The limits of accuracy of the 
selenium determinations are shown by the figures following the ± 
sign. A value of 40±5 p. p. m. indicates that the plant substance 
contained at least 35 ]>. p. m. of selenium and not more than 45 p. p. m 
Large values for the limit of eiTor are du(‘ to thc‘ small quantities of 
plant substanc(‘ available for analysis. Bi'cause of the large allow¬ 
ance* that must be made for the limits of analytical error in many in¬ 
stances, conclusions cannot bo drawn regarding the comparative 
sehmium content of many individual samples. But conclusions based 
on average figure's of several samples should be reliable. The following 
ge'neralizations can be made with considerable certainty. 

When plants are* grown with sc'leiiium applied as sodium selenite 
lh(' roots contain a much higher p(*rcenlage of seh'nium than thci tops. 
Th(*re are no exct'ptions to this generalization in the millet experi- 
nu'iits. The percentage* of ae*le*nium in millet re)Ots ave*rage*s 8.6 time's 
the* pe*ree*ntage in the* tops feu* 107 samples gi*own in e'XpeTinu'nts re¬ 
port e*el he*re. Ke)r 23 sample's of rice the pe'rce'iitage of se'le'nium in the 
roots average's 3.9 time's that in the tops, and in 14 sample's of wheat 
the* ave'rage figure* fen the* roots is 3.1 time's that fe)r the* tops. The^ 
wieie variatiems in the* relative ame)unts of se'le'nium in the roots and 
tops in eliffe're'nt sani|)le's indicate that ne) fixc'el proportion shoulel be 
e'xpe'cte'd in the perce»ntage's in the 2 parts e)f the plant. 

With se'le'nium applie'el as sodium se'le'iiate the oppe)site' cemditiem 
e)btains; theconce'iitratiemedse'le'nium in the te)ps t'xce'e'ds that in the 
re)e>ts. This was ne)t e'stablishe'el in the write'rs* pre'vious e'xperimemts 
with millet, sine'e only the toj)s we*re* analyze'd. IIurel-Karrer {10), 
howeve'r, has she)^n that it holels for wheat, anel the writers have fenuiel 
that it holels fen raelishe's. In an e'xpe»rime'nt with the Manor soil, in 
which four le>ts of raelislu's we*re grown with additions of sodium 
sele*nate, the sele'nium cemtent e)f the radish remts ranged from 350 to 
690 p. p. m., while the tops cemtaiiie'el from 760 to 1,800 p. p. in. 

The* conce'ntratie>n of se'le'nium in the wdiole plant (the wTighted 
ave'rage* of the* pere'e'iitage's erf se'le'nium in re)e)ts and te)ph) te'iuls to 
incre'ase* in elire'ct jireiportie)!! to the quantity of soelium se'lenite applie'el. 
This is apparent em comparing the* se'leniuin cemtent erf plants greiwing 
with single anel ele)uble applications of soelium se'lenite. Thirty-four 
sucli e'omparisems for millet can be maele fre)m data give'U in teibles 4 
anel 7. Tin' plants grown w'ith the double applicatienis erf soelium 
se'lenite contain e)n an average 2.7 time's as much se'le'nium as plants 
gre)wm with the single applications. Many individual case's vary 
widely from this re'lulie)n, as shown by the fact that the figure 2.7 is 
subject to a stanelard de'viationof ± 1.2. 

If it is asaumeel that se'leniuin in the plant varies dire'ctlyVith the' 
quantity of se'lenium applied, tlie se'lenium conti'iit of plants at half 
injury can be calculate*el from the data given in table's 4 and 7. Wht'ii 
this IS done it appears that plants grown in the sand-soil mixture's 
usually contain a smalle'r concentration of sele'nium at half injury 
than plants grown in quartz sand. This cemclusion is base'd on 32 
comparisons for millet and 6 for rice; the only exceptions to the 
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f generalization are 6 of the comparisons for millet. The average figure 
or the 32 millet comparisons is only 0.72 as much selenium in the 
plants grown in sand-soil mixtures as in plants grown in pure sand. 
The average figure for the 6 comparisons involving rice is only 0.48 
as much selenium in the plants grown in sand-soil mixtures. This 
difference in the selenium contimt of plants grown in sand-soil mixtures 
and in pure sand is probably connected with the different growth con¬ 
ditions in the 2 mediums, but it is not evident what the (letermining 
condition is. The fact tliat the selenium content of plants grown in 
sand-soil mixtures is less than that of sand-grown plants at the same 
degree of injury indicates that the soil application afft'cts tlu' toxicity 
of selcniiun withm the plant. 

COMPARATIVE EFFECTS OF SODIUM SELENITE ON WHEAT, RICE, 

AND MILLET 

The comparative effects of sodiiun selenite on w'heat, rice, and millet 
may be judged from figures given in previous tables for the quantities 
of selenite required to produce half injury. These figim's are brought 
together in table 8. The half-toxicity value for millet in (piartz sand 
is the average of 14 determinations, and the value for wheat in quartz 
sand is the average of 2 almost identical d(‘tenninations show'n in 
table 2 and in table 4, experiment 13. 

In pure quartz sand, sodium selenite is equally toxic for rice and 
millet but oidy half as toxic for wheat; that is, it requires twice ns much 
selenite to reduce the yield of w’heat one-half as it does to n^diice the 
yield of millet one-half. A similar diffc'rence b«*tweeii millet and 
wheat was found in previous work w'ith sodium sclenate (7). The 
growth of millet in quartz sand was reduced oni‘-half by 01)()44 gin. 
of selenium as seh'iiate per pot, whereas 0.0072 gm. of selenium w’as 
required to produce the same effect on wheat (7). Apparently the 
c.oncentration of selenite or selenate required to injure wlieat is greater 
than that required to injure millet, not bwause wheat is more resistant 
to absorption of the ions but because it is h'ss injured by the ions after 
they are absorbed. This is shown by the analytical data; the wheat 
plants are considerably higher in selenium than the millet plants. 

Table 8.— Effectt of quartz sand and soil eoUmds on sodium selenite required for 
half injury of mUlet, rice, aiul wheal 


EfTcpt of material on sileniutn per 
]iut rofiuired to produce half injury 

Material affeetinfi selenite toxieity 



Millet 1 

Kice 

Wheat 


Oram 

Oram 

Oram 

Qoartz sand only 

60 Rm MuBkinyum soil colloid 

0 0014 

0 0015 

U0in2 

0047 

0004 

.0110 

60 Km Colby soil colloid 

0024 


0046 

60 gm. NacoRdoohes soil colloid 

.0003 


0105 


. It 8 significant tliat the values representing Uie effects of the soil 
colloids on selenite toxicity are twice as groat when measured by wheat 
as when measured by millet. As previously mentioned, the effect of 
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tihe soil is obtained by subtracting tlic quantity of selenium required 
for half injury in the sand from llie selenium required for half injury 
in the sand-soil mixtures. The blanH for the sand is twice as great 
for wheat as for millet; but if the colloidal material combined with the 
seloniU* to form a complex wholly unavailable to plants, the value 
representing the effwt of the colloid on the selenite required for half 
injury sboubl be no more for wheat than for millet. However, if the 
seienite-eolloid combination is slightly available to plants, the effect 
of the colloid on sodium sclenito might be expected to be twice as 
large when measured by wheat as when measured by millet. As 
compared with millet, wheat would require twice as much of the 
slightly available compound for half injuiy, just as it required twice 
as much of the wholly available selenite in quartz sand. 

DIFFERENCE BETWEEN THE EFFECTS OF SODIUM SELENITE 
AND SODIUM SELENATE 

In the two experiments with wheat showm in tabu's 2 and 4, the 
plants injured by selenite were normal in appearance although they 
tended to wilt more readily than normal plants. In the previous 
work with sodium selenatc the ivory-white chlorosis considered typical 
of selenium injury was vciy pronounced in wheat. This difference in 
tlic appearance of wheat grown with selenatc and with selenite has 
been iKiinted out by Hurd-Karrer (10), Ulillet, when grown with 
selenatc applications sufficient to curtail growth markedly, idiowed at 
times some yellowing of (he leaves, but when grown with similar 
selenite applications the plants were a normal green. 

Other differences in the behavior of sodium selenite and selenatc 
have already been mentioned. All the differences observed are sum¬ 
marized in table 9. 


T\rle 9.— Difference between selenales ana neknites 


Kebpect in hidi belenate nnd selenite dilTer 

1 Selenato 

Sdenite 

Uow sulfates affect to\icit> 

Diminish 

No effect. 

Uou boil colloids affect toxicit) 

Se absorbed. predoniinatel> in 

Practu>all> no effect 

Tons 

Chlorobis 

1 

Dimmish. 

Roots 

Symptom iiroduoed in wheat 

1 Nonoi 


1 Except ^hore the suifute huppb h insufllcient for normal growth 


The fact that soil colloids have a marked effect on the toxicity of 
sodium selenite but practically no effect on the toxicity of ^dium 
selenatc may explain observations made in the survey or seleniferous 
areas. Many plant and soil analyses show that there is little correla¬ 
tion between the total selenium hi the soil and the selenium content of 
the vegetative cover. This might be expected if selenium occurs in 
soils as both solenate and selenite. The selenatc selenium should be 
highly available in all soils; it should be practically unaffected by 
sou colloids; and its absorption should vary somewhat with the sulfate 
content. On the other hand, selenium present as selenite should bo 
only slightly available; its availability should be unaffected by sulfate, 
but tile availability should very vdth the kind and quantity of colloidal 
material present. " 
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SUMMARY 

This investigation deals with the effects of soil colloids on the toxicity 
of sodium selenite to millet as determined by vegetative experiments 
in quartz sand and sand-soil mixtures. Thirty-two soil samples 
representative of 22 soil types were tested. 

The toxicitv of sodium selenite, unlike that of sodium selcnate, is 
not affected by the sulfate supply. It is also independent of the 
phosphate supply as long as this is sufTicieiit for maximum growth. 

The specific effects of different soil colloids on selenite toxicity vary 
more than tenfold. Their effects bear little relation to the great soil 
^ups. Colloids in two different layers of the same soil have almost 
identical effects on selenite in some cases, and in other cases the surface- 
layer colloid has a greater effect than the colloid in the lower layiT. 

Experiments with several peats failed to show an influence of organic 
matter on the capacity of the colloid for reducing selenite toxicity, 
even under conditions of a supersaturated water content. Artificial 
iron gels had a high capacity for rexiucing selenite toxicity. A moist 
gel had a much greater capacity than a dried gel. 

The total iron content of soil colloids is correlated with effects 
of the colloids on selenite toxicity to the degree shown by the coeffi¬ 
cient ±0.51. It is suggested that lack of a closer correration is due 
to varying reactivities of the iron content. 

Plants supplied with sodium selenite contain a higher percentage* 
of selenium in the roots than in the tops. The reverse condition 
obtains for plants supplied with sodium selenate. Plants grown in 

a uartz sand contain a higher percentage* of selenium at half injury 
lan plants grown in sand-soil mixturi's. 

Rice and millet require about tlie saim* concentrations of serenite 
for half injury; wheat requm*s about twice as much in both (piartz 
sand and sand-soil niixturi's. The fact that the same difference bet\reen 
wheat and millet holds for sand-soil mixtures as for quartz sand sug¬ 
gests that the combination of soil colloid with selenite is sliglitly avail¬ 
able rather than wholly unavailable. 

Differences between the effects of selenates and selenitc's arc* pointed 
out. 
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PHYSICAL AND CHEMICAL PROPERTIES OP FLANNELS 
CONTAINING DIFFERENT PROPORTIONS OF 
NEW AND REPROCESSED WOOL ' 

By Barbara Bailey* 

Rfteareh asntiant in home economies, South Dakota Agnenltural Experiment 

Station 

INTRODUCTION 

Recent efforts to secure “truth in fabrics’’ l(^islation, requiring 
manufacturers to label textiles containing wool with the percentages 
of new wool present,® have led to interest in the quality of fabrics 
containing new and reprocessed wool in various proportions. South 
Dakota as a wool-producing State has on interest in variations or 
differences in the physical and chemical properties of fabrics contain¬ 
ing mixtures of new and reprocessed wool. Accordingly in 1938 a 
study of certain physical and chemical properties of flannel fabrics 
manufactured from mLxtur(>s of new wool and dioddy was initiated. 
While performance tests of the fabrics have not os yet been conducted, 
it has been possible to determine the effects of dry cleaning and press¬ 
ing upon the fabric properties. 

Relatively few reports have appeared of investigational work on 
wool fabrics of known composition. The spinning and weaving 

a ualities of wool from British pedigreed sheep were investigated at 
le University of IammIs (7, 8,9)* and the fiber, yam, and fabric character¬ 
istics detemiined. Another study of the same type on wool from 
British breeds of sheep was reiwrted by Barker (8) to tlio New Zealand 
Government. The Bureau of Animal Industry of the United States 
Department of Agriculture, in cooperation with the Bureau of Homo 
Economics, has recently published the results of a study of the 
serviceability of blankets made from four blends of wool (5). Wools 
selecU'd from purebred ilw'ks of Rambouillet and Corriedale sheep 
and reworked fiber were used in the manufacture of the blankets. 
The fabrics were given actual service ti'sts, and the rates of chemical 
and physical deterioration were determined. These Bureaus have in 
progress further work with blankets involving the use of various pades 
of reprocessed wool and mohair in comparison with new wool® and 
of suitings made from blends of new wool with reprocessed wool and 
spun rayon.® 

1 lU'oeived for publication January 7,1911. Paper No. 142 firom the South T)akota Agricultural Evtieri- 
tnont Station. 

> Grateful acknowledgment 1% made to Dr. 8. P. Swenson, associate agronomist, South Dakota Agri¬ 
cultural Experiment Station, and to Dr. F. K. Immer, professor of agronomy and plant genetics, University 
of Minnesota, for assistanoe in the statistical Intminetatbn of tho data, and to the Division of Home Econom* 
ics, University of Minnesota, for tho use of their air-oonditioned laboratory and textile-Ming equipment. 

* Tho Wool Products Labelmg Act, passed by the 76tb Cong., 3d sess., was approved October 14,1940, 
and became etteetive July 14. 1941 
* Italic numbers in parentheses refer to Literature Cited, p, 697. 

• Hays, Maroarit B., Rogers, R. K., and Harpy, J. I. notes on oradi ate sirniRs and RRsbar<» 
IN noMB economics and home economics education, 1938-39. U. S. Dept. Agr., Off. E\pt si at., 219 

See p. llO^^he^re/eiei^cited in footnote 4. 
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MATERIALS 

Rambouillet sheep, raised at South Dakota Slate College, furnished 
the new wool used in Uie present experiment. Ten fleeces weighing 
approximately 10 poimds each w<>re shipped to the Ix)well Textile 
Institute for fabrication. Reprocessed wool of a h^h quality 
from pastel sweater clippings was purchased on the market by mem¬ 
bers of the institute staff and blended with the now wool. The 
flW used for the first fabric (No. 100) was made of 100 percent 
new wool; for the second (No. 75), approximately 75 percent 
new wool and 25 percent reprocessed wool; for the tnird (No. 50), 
approximately 60 percent new wool and 50 percent reprocessed wool; 
for the fourtli (No. 25), approximately 25 percent new wool and 75 
percent reprocessed wool. The exact weights of the fibers are recorded 
in table 1, which diows (hat considerable machine waste resulted iii 
the course of the manufacturing. Thus, while the fiber blends in¬ 
dicated above were used as the raw mat(*rials for each of the fabrics, 
these percentages may not have been maintained in inanufncturi*. 
Further evidences of shifts in tlunse pi'rcenlages will be indicated in 
tlie discussion bidow. 

Emulsion consisting of 75 percent water and 25 percent oil (fat 
and mineral oil) was applied to Uie stock in picking. All of the lots 
were spun to 3H run Z twist and an identical lay-out was used con¬ 
sisting of No, 9 ree<l, 4 yarns per dent, 1,550 warp»«, 43)2 inches in 
reed, and 36 fiUinpp, resulting in a 2 X 2 even-twill fabric. After 
weaving, each fabric was given a simple finisliing process consisting 
of washing and pressinj?. The finislied yardage anil weight as reported 
by Ixiw'ell Textile Institute are shown in table 1. 


TABiiK 1.- Wnghls of new and reptocfhsed wool fiber usfd in tnanufarluring (he 
four experimental fabrics, and length, width, and finished weight of the Jour fabriO) 



Fiber weights asodi 


finished fabric 


Fabric No 

— _. 

— 



1 



New wool 

KeprocossHl 

wool 

Ja nglh 

Width 

W eight 


Pounds 

Poundn 

yards 

Inches 

Pounds 

Ounces 

100 

14 4 

0 0 

20 (t 

S5 6 

9 

10 

76 

10 H 

i 5 

20 4 

.10 4 

9 

0 

60 . 

7 2 

7 0 

209 

30 0 

9 

4 

26 

4 0 


18 0 

30 6 

7 

8 

— — , - 

■— 

-- 

- 


- _ 

_ -_ 


> I'otal carding and sjntmiug waste for the 4 fahriiv ^as Iti iwiiods 


METHODS 

PHYSICAL-PROPERTY DETERMINATIONS 

EiOch of the four fabrics manufactured was tested physically and 
chemically as it was received from the manufacturer and after it had 
been commercially dry-cleaned and pressed 15, 30, and 45 times. 
The process used in dry cleaning was described as consisting of running 
in d^-deaning solvent (Stoddard solvent) in a regular cylindricin 
diy-cieaning washer for 10 minutes with paste soap and rmsing for 
20 minutes on a filter so constructed as to remove the heavy ‘‘soil” 
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from the solvent. The solvent was passed continuously from the 
the washer through the filter and returned again to the washer. 
After each cleaning the fabrics were pr(‘ssed on a regular steam press. 

Throughout this investigation all testing requiring the maintenance 
of moisture equilibrium in the fabrics was conducted in a conditioning 
room maintained at a standard atmosphere of 65 p(TC(‘nt relative 
humidity±2 percent at 70® F.±2, as specified by the American 
Society for Ti^sting Materials {£y p. 18^), All samples were con¬ 
ditioned for a minimum of 6 hours before* testing. Samples used in 
determining weight per square yard and yarn numbeT were dried to 
constant weight at 105® C. Yarn-count and twist detenninations 
were conducted under prevailing atmospheric conditions, as were all 
fiber studies. 

The* means and standard deviations of measuremients were calculated 
in all instances possible, and the analysis of variance for significance 
of diffcTi'iice between means was applied in some cases. 

A 1-pound samph* of sc‘oured new-wool fiber was taken from 
\arious parts of the lot for use in measurements of fiber diameter, 
contour, length, and crimn, and a similar sample was tak(*n from the 
r(*procc*ss<'d wool in the* oil. Portions of the fiber samples were hand- 
carded and carefully blended. By means of intestinal forneps, recom¬ 
mended by Townsend (11) forsamplingfiber for length detenninations, 
repeated dra^s wen* made and blended until samples of the correct 
si/(‘ for I'aeh type of fibcT mc'asurement W(»re secured. 

A modification of the cross-section method recomniendc‘d by tho 
American Society for Testing Materials (2, p. 174) deter¬ 

mine the* diameter and contour of the new and n^processed wool. 
The device described bv Hardy (/) was use(l in preparing the cross- 
sc‘ctional microscopic slide's. The cmss-section moimts placed 
on a micmscope stage S(*t at right angles to the base and, by the use 
of strong artificial light, their images were projected onto a ground- 
glass plate* placi'd at such a distance from the microscope that each 
fiber se*ction was magnifie*el approximately 500 times. One* thousand 
fiber se'ctions were measured to an acTuracy of one micron, as receun- 
mendcHl by the American Society for Testing Materials (Si), at (1) their 
greate*st elianieteu’s and (2) tlie diamet(*rs at right angle's to their 
gre'ate'st diameters. 

The sample's for determination of fiber length were pre'pared accord¬ 
ing to the method describe'd by Towns(*nd (tl). Three groups of 150 
fibere each w^re measured to the nearest 0.25 inch by extending the 
fib(*r sufficiently to remove the crimp but not to stretch it. 

The number of crimps in each fiber measured for length was counted 
over the entire length, and tho average number of crimps per inch was 

calculated. , , , i / 

Yam number in the present study was recomed as the number oi 
thousands of yards per pound (typp system). Prior to the detemina- 
tion three 10-yard lengths were dned to constant weight. In the 
preparation of the samples an attempt was made to measure lengths 
of yam from which the crimp had been removed without stretching 
the yam. The resulting values were calculated in typp percent 
n'gain- the standard regain for woolen yam (i)‘ and tlie results 
used in the adjustment of tension in determining yam twist. 
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The average number of twists per inch was detenniiied using the 
n^^-typp Suter precision twist tester with spinnmg twist attaelunent. 
The gage length was 10 inches and 60 yarns per sample were measured. 

A Scott snigle-strand tester with autogr^luc recorder was used 
in the determination of yam stength. The cfamps were set 10 inches 
apart and moved at a speed of 12 inehes per minute. Tensile strength 
and elongation of yams removt'd from the fabric at scatt(‘red pomts 
were measured in each instance. 

Wherever the natum of the test made such measurements possible, 
samph's of both warp and filling sections of fabric wen* prepar(>d. 
With the exception of the meUiod for abrasion, all methods were 
standard pi'oceduri's of the American Society for Testing Materials {Z). 

Two-mch squares taken at five scattered positions on each fabric 
were composited for the determination of fabric weight. All of the 
results were calculated to IS-pement regain and expresstnl in ounces 
per square yard. 

Measurements of thickness were made on each of 10 grab tensile- 
strength samples by means of the Sohiefer compressometer with a 
H'inch foot at a pressure of 3.4 pounds per square inch. The results 
were recorded in the number of 0.001 inch of tlucknm. 

A Lowinson counter was used for the determination of the number 
of yams per inch. The 10 samples of fabric prepared for the detei- 
mination of strength by tlie strip method vrerc measured for a distance 
of 1 inch. 

A 10-inch square was marked on each fabric before it was sent to 
a commercial dry cleaner and was measured on its return. Thus 
shrinkage is reported hi percentage slinnkage after 15, 30, and 46 
diy cleanings and pressings. 

J-type Scott testers with recordmg serigraphs were used throughout 
for the determination of the tensile strength and delegation of the 
experimental samph's A 150- to 300-pound-capacity machine was 
used for the grab samples and a 55-to 110-pound-capacity machine 
for the strip samples. Ten strips of fabric to form the sample were 
cut 1)^ inches wide by 6 inches long and were raveled to 1 inch. Two- 
inch fabric jaws set 3 inches apart were employed in the stiip tests. 
Ten grab tensile-strength samples per fabric were cut 4 inches wide 
and 6 inches long. One-inch front and 3-inch back jaws were used 
for the grab determinations. On both machines the jaws traveled at 
the rate of 12 inches per minute. Tensile-strength values were 
recorded in pounds and elongation in inches. 

The ball-burst attachment for the Scott tester was used for the 
determination of bursting strength. Metal btdls 1 inch in diameter 
and l^-inch rings were employed. Ten determinations w^ere made on 
each fabric, and the results were recorded in terms of force in pounds 
required to thrust the ball through the fabric. Stretch was recorded 
by means of the serigraph. ^ 

The test spedmens used in the determination of tearing strength by 
the tongue method were cut 3 by 8 inches in size. Three-inch longi¬ 
tudinal cuts were made lengthwise of the specimens from the center 
of one of the edges. The 55-poimd-capacity Scott tester was em¬ 
ployed, and the autographic recording device was used to record the 
average load necessary to break. A planimeter was used in calculat¬ 
ing the average tearing strength of the fabrics. 
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Ton samples of each fabnc by 10 inches in size were abraded on 
the Wyzenbeck precision wear testmetcr, with a monel-metal screen 
used as the abrasive surface. The fabrics, were given 1,000 double 
rubs at 4 pounds pressure at an initial tension of 3 pounds. After 
abrasion, the tensile strength (strip) of Uie samples was determin(‘d 
by the methods already outluu'd. 

CHEMICAL-PROPERTY DETERMINATIONS 

Samples of fiber and fabrics in the various conditions studied were 
analyziHl in duplicate for their moisture, ash, sulfur, and nitrogen 
content. Both fiber and yam wen* cut into smal pieces to facilitate 
adniuate sampling. Moisture was detennim*!! by drying to constant 
weight in a drying oven at 40“ C. One-gram samples were ashed to 
constant weight and total asli recorded in percentage. The Parr 
Bomb was used in determining the total sulfur of 0.5-gm. samples, 
and the percentage of sulftir was calculated. The percentage of total 
nitrogen was determined upon 1-gm. samples by the Kjeldald method, 
with copper sulfate used as the catalyst. 

PRESENTATION AND DISCUSSION OF EXPERIMENTAL RESULTS 

In the discussion of the results of this investigation, consideration is 
given first to the properties of the new and reworked fibers. Chemical 
determinations upon the fabrics after progressively greater numbers 
of dry cleanings were made, and the results of the application of the 
analysis of variance to the physical measurements of fabnc sti-ength 
are then discusswl. 


Table 2 Mian and standafd-diviatiofi valuin fot Ungth^ crimp^ diamihr, and 
contour measmements of mw and rtprocished wool 



1 liith 

(’’rimp jHT me h 

Diaractir 

Contour ratio 

\Vu(il filiii 

1 

Mean > 

standard 
de\ latiuii 1 

Alean * 

standard 

deviation 

Mturi* 

Standard 

deviation 

Ml in - 

Standard 

di\iatiou 

Roproitssid 

Inch 

2 40 

1 1 7H 

Inch 

0 % 
hh 

umber 
\i 44 
11 03 

Number 

3 U) 

5 00 

21 10 
O') 72 

1 

Microns 
•) 04 

7 22 

1 26 

1 21 

U 143 
103 


1 45U determinations. 

• 1,000 determinations. 

COMPARISON OF NEW AND REPROC’ESSED WOOL FIBERS 

The* physical characteristics of the new and reprocessed wool fibers 
are showTi in table 2. From these data it may be seen that the average 
length of the newr fiber was 40 percent gn^ater tiwui that of the reproc¬ 
essed wool and the average number oi crimps per inch vras over 10 
percent greater in the new wool. According to the blood system of 
grading wool, the virgin wool would be classed as fine and the reproc¬ 
essed wool as half blood. No difference in average contour ratio was 
found in the wool. In all the physical measurements made, relative 
variability was greater in the reprocessed than in the new w’ool 
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Table S.“—A8h, nitrogen, and sulfur content of the new and reproceeaed wool fiber, 
on a moisture-free haaia 


Wool fliHT 

A^h 

Nitrogen 

Sulfur 


Percent 

Percent 

Percent 

Now 

0 96 

13 SO 

3 A2 

Refirocobsed 

41 

12 03 

3 71 


The ash, nitrogen, and sulfur content was determined for thenew- 
and reprocessed-wool fibers with the results given in table «3. 

The ash content of the new wool was more than twice that of 
tlie reprocessed wool, and the nitrogen content was approximately 
1 percent greater. The sulfur content was 0.19 percent lower in the 
new wool. 


COMPARISON OF FABRICS MANUFACTURED FROM NEW AND REPROCESSED WOOL 

Physical and Chemical Properties of Fabrich as Received From 
THE Manufacturer 

In the discussion of the manufacture of the labrics it was not(*cl 
that identical methods were used thiougliout in the* prenaration of 
yiu’ns and in the weaving and finishing processc^s. When the flnishc^d 
materials were examined, it was eviclent that the fabrics pioducuHl 
from the various blends did not have the same properties The 
data in table 4 shows that the average weight per square yard dc*- 
ereased as the percentage ol reprocesscsl wool inereasc»d. Thickness 
and twist were approximately the same throughout the series, and 
the number of yams per inch decreased slightly with increasing per¬ 
centages of reprocessed wool. 

In discussing the relative merits of the four fabrics, the fact tliat 
inherent differences were present in them must be kept m mind. 
Since eorreetion factors accounting for the complexity of factors aie 
not available, the data rcportwl are those* ot the actual lesults ob¬ 
tained, the constant factors being identical manufacture and dry- 
cleaning iirocesses rath(»r than identity in finished fabric. 


Table 4. —Mean values for characteriattca of the 4 fahrtca containing diffirint 
percentages of new and reprocessed wool fiber 



the&brkB. 

*13 peroent regaia. 

* CtRiied by dry oleaning and firp^iog 
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Since fabric weight decreased progressive*!^’^ with increasing jiei- 
centages of reprocessed wool, it must be concluded that tlicrc was 
more carding and spinning wnisti* as the percentage of reproce8S(»d 
wool was increased. In this same connection, a coin]>arison of the 
average diojnet(*r of the fiber pr(*sent in tlie finished fabrics is of 
significance, Tlic results of this study are shown in table From 
those, data it is appai'cnt that in the case of the lOO-percent virgin 
fabric the manufacturing proc(*ases did not affect eitlier the average 
diameter or the distribution as nH*u8ured by the* standard deviation. 
It would be anticipated that the average <liameter of the wool present 
in the fabrics containing n*processed wool would increase*, approach¬ 
ing that of the reprocess<»(l fiber as the perct*ntage of reprocess(»f! 
fiber became higlu‘r. However, as is shown in table 5, the diameter 
increased but slightl^v. Thus in the manufacturing pro(*esses the 
coarser reprocessed fiber must have b(*(*n eliminated to a certain 
extent. Since the contour ratios of tlie new and tin* reprocessed 
fiber were the same, no cliahge in contour ratio would be anticipated 
throughout the series of fabrics; and, in fact, the* actual differences 
found are not to be consid<*red significant from a practical standjioint. 


Table 5. - Diameter and contour ratios of the fibers in the new and reprocessed 
wool and in the manufactured fabrics 


Saniplo > ! 

Diamc'tor 

('oniour ratio 

1 

1 

' Mean 

1 1 

Standard 

1 doxiation 

Mean 

Standard 

deviation 

Now fll)er .... 

^hcTonn 

21 10 

Microns \ 
5 03 

1 25 

0 14.3 

Roi)rocf»sisod filwr_ 

25 72 

7 22 

1 25 

.1U3 

Fabric* No.— 

100 . . 

' 21 30 

5 10 

1 24 

.140 

75 . 1 

1 21.71 

5.52 

1.21 

.142 

50. 1 

1 21 77 

5.73 

1 25 

.158 

- “■ J 

1 22 04 

6 56 

\,Z\ 

.139 


i of SRTiiphs 1,000. 


Effects on Fabrics of Dry Cleanin<i and Prehbin<s 

In table fi are showMi the results iif the ash, nitrogen and sulfur 
analyses of the four fabrics as received from the manufacturer and 
after various numbers of dry cleanings and pressings. It will be 
noted tliat, with few exeeptions, the tendency w'a« for the iiercentage 
of ash to increase with dry cleaning. In all four fabrics tliere was a 
marked increase in nitrogen between the fifteenth and thirtieth dry 
cleanings, an increase which could not be accounted for on the basis of 
any of the other physical or chemical experimental results. It has 


Table 6 . — Ash, nitroffen, and sulfur content on a fnoislure-free basis of the four 
fabrics containing different percentages of new and reprocessed wool fiber 


Fabric No. 

Ash 

Nitrogen 

Sulfur 

Fabric No. 

Ash 

- 

Nitrogen 

Suliur 

100-4) 

B| 

B 

Percent 

8.34 

3.54 

8.37 

50-0. 

Percent 

0.64 

Percent 

18.50 

PereerU 

3.47 

100-15 

^15. 

1.02 

13.38 

8 80 

100-30. 

50-80 . 

.91 

15 00 

8.36 

8.43 

8.44 

100-45 . 

75-0. 

1.08 

.60 

.83 

.01 

1.00 


8.74 

8.63 

8.50 

50-45. 

25K). 

1.14 

.61 

15.67 
18.42 

76-16. 

26-15. 

.08 

13.15 

3.83 
3.4L 

75-80. 

3.58 

8.34 

25-80 . 

.84 

15.55 

75-45. 

25-45. 

1.30 

16.57 

8 27 
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been siKrgestod that accumulation of the paste soap mi^ht have been 
lesponsiblc, but no analysis of the soap is available Suliui deteiini- 
nations indicate that no fabric blend or treatment affected the results 
to a preatei or loss extent than any other thioughout the senes In 
some instances a iabric sample had a higliei sulfur content as a result 
of one staire of tieatmcnt, whereas in other fabiicfe» this* treatment 
apparently caused a loi^eririfi: of the sulfur content. 

In the discussion of the eflects of abrasion and dry cleaning and 
pressing, statistical methods ha\e been applied in the comparisons of 
the foiii fabiics in the various stages of treatment All oi the data 
reported m tables- 7 to 10 are involved in the calculations. 


TablIi 7 —"Mean and Htandaidrdemaiion valves for the yarn strength and elongaiton 
nieavinmenta of the ixptnmental fabrics aa affected by drv cleaning and pushing 




V am stron{.th 



V nrn r lonuation 


Fabric No» 

IVarp 

Filling 

3\ arp 

^ h llling 


Mean 

standard 
d( viation 

M( in 

Standar 1 1 
deiiatiou 

1 Mean 

standanl 

delation 

Moan 

suindar I 
diviatinn 






C enlt 

t «i/i 1 

1 lenh 

C tn/ 


OritM 

Oranu 

Qram» 

Oranu 

mrten 

Meters 

meters 

meters 

100 0 

U1 2 

'2 02 

287 6 

•■5 00 

5 00 

0 020 

5 06 

0 800 

100 11 

n- 0 

49 52 

285 7 

40 49 

4 88 

842 

4 n 

874 

100-00 

310 5 

52 15 

127 0 

47 n 

4 t7 

1 023 

4 8I> 

960 

10(M5 

31" 2 

42 M 

400 2 

42 12 

4 42 

857 

4 n 1 

840 

75 0 

208 4 

25 55 

282 7 

27 20 

4 48 

884 

4 7t 1 

"82 

7vr 

288 ( 

46 32 

287 5 

32 07 

4 10 

876 

4 40 1 

821 

75 30 

262 M 

44 44 

2t7 4 

42 12 

2 01 

860 

4 01 < 

019 

75 45 

201 2 

44 08 

248 0 

40 05 

4 0> 

644 

4 IH 

f94 

60 0 

224 U 

20 10 

100 4 

21 54 

4 02 1 

781 1 

I 3 84 

879 

50 15 

222 h 

»9 Of 

104 0 

20 15 

3 52 ' 

065 

2 (8 

f •'9 

50 Ml 

221 6 

3r 18 

19(> 8 

42 n 

3 47 1 

700 ' 

4 fO 

"12 

50-45 

214 " 

42 67 

10b 4 

28 57 

3 ••3 ' 

ffO 

4 25 1 

fO) 

25-0 

ri 3 

41 fi8 

181 0 

25 24 

2 80 

f94 

4 27 1 

722 

25-15 1 

IbO 5 

42 78 

ir4 1 

20 21 

1 2 00 

f(l 

2 91 , 

f70 

25-M) 

I'O 8 

if) 90 

148 4 

28 41 

2 bl 

02'’ 1 

2 O'- 1 

600 

25-45 1 

170 4 

Ml 90 

140 7 

24 ''0 

2 "8 

("6 

2 "0 

(04 


1 Sire of sample 9U 


Tabli; 8 Mean and atandard-^eiiation valueh for atrip tensilf-atrength and lUmga- 
Hon nuaaurements of the experimental fahnee before and after abraawn 
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Tabli 8 — Mean and btandard-4ev%at%on values for ainp lenstU-btrenglh and elofiga^ 
Hon meaeuremenls of the experimental fabrics before and after abrasion -Con 

AFIFR ABRASION 
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Tabtf 9 --Mean and standard-deviation valuti for grab brcaking-itrength and 
elongation meanun menii of the exptrimintal fabrics as affected by dry cleaning 
anti pressing 
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Table 10 .—Mean and etandard-deviaiion values for the bursting-strength^ bursting- 
dongationt and tearing-strength measurements of the experimental fabrics as 
affected by dry cleaning and pressing 








Tearing strength 



Bursting 

Burstmg 






strength 

elongation 





Fabric No > 





Wbtp 

Filling 


Mean 

Standard 

deviation 
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Standard 

deviation 
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deviation 
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deviation 
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1 Siro of sample, 10 


After subjoetiiip samples of each of the (‘xperimenlal fabrics to 
mechanical abrasion, strip tensile-strength samples were cut and 
tcrisile strength following abrasion for 1,000 double rubs was deter¬ 
mined. The results of these measurements are recorded in table 8. 
‘‘Student^s’’ i test for significance of difference of means has been 
applied in comparing the strength and elongation values for the fab¬ 
rics before and after the abrasion treatment (table 8), Nonsignifi¬ 
cant differences were found in both warp and filling determinations of 
strength. In elongation measurements the means of both warp and 
filling determinations were found to differ significantly. Thus, with 
five exceptions, elongation was found to decrease after abrasion with¬ 
out causing a decrease in strength. 

Since liomogeneity of errors is assumed in the calculations of the 
analysis of variance, the x ^ test was used to detemiinf' wln'tlnT the 
variability of the strength and elongation measurements for the fab¬ 
rics subjected to the various numbers of dry cleanings and jiressings 
wer<‘ homogeneous (Snedecor, 10). The results indicated in table 11 
show that this was true in all instances. 


Table 11 .—Analysis of errors of strength and elongation measurements of tha 
fabrics by means of the x * test for homogeneity 


Moasuremont 


Yarn . 

Strip 

Before abrasion 
After abrasion 
Grab .. .. 
Bunting 1 
Tear. 


x' fo» 


strength 


Wnip 

Filling 

3 99 

4 45 

2 74 

3 67 

2 63 , 

3 70 
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4 60 

2 21 


1 08 

1 54 


Elongation 


Warp 
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- 

— - - 

2 86 

2 62 

3 44 

2 04 

3 34 

2 61 

2 53 

1 75 

50 
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1 Fabric direction not involved m hursting-itrength determination. 
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The aimlvbis ol vuiiatice surestod by Fisher (4) was applied to the 
measurements of yam and fabiie strength and elongation m order to 
test foi signifieanee ot differeiiees between fabrics and treatments 
(dry eleamng and piesbing) There were 4 fabncs receiving 4 treat¬ 
ments, 10 measuiements being made for fabrics and 50 for yams. 
The degiees of fiet^dom aie shown in table 12 

Tabil 12 Decrees of Irttdom involved %n the analyhiti of vanancf of the measure- 
menlH of yarn and fabric strength and (longation 
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pnlation applies to the specific labiics and tic^atments involved m 
this stiid\ Hcmc vei it IS ol interest to expand the mteipietation to 

ABiL 13 F taluts by mtanh of the afialy^s of variance for yam- and fabric- 
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Tabls 13.— F palms by tneans of the analysis of variance for yarnr and fabric^ 
strength^ and for yam- and fabric-elongation determinaiionst using residual and 
inkraction as errors —Continued 

ELONGATION DETERMINATIONS 


Meosuremp&t and source of varindon 


Yarn elongation 
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Treatment 
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* Fabric direction not involved m burbting-btrength delerniinations 


indicate the general elfecla of mixing new and rci)roccshwl wool and 
tlie effect ot <lry-cleaning and pressing processes. As has been 
su^ested by immer (6*), Uu' interaction is the proper error in ibis ease. 

When the residual is used as error, the blends are found to differ 
significantly in strength and elonption in all of the yarn and fabric 
measuremento (table 13). Highly signifieant differences would b(> 
antieipati^il by ('xamination of tables 7 through 10, reporting the 
actual strength and elongation results. It may further be noted from 
tlicse data that, in general, strength deereasiHl regularly as the per- 
cent^e of reprocessed wool became greater. 

With the exception of bursting elongation, in which significant 
differences were found between the blends, highly significant differ¬ 
ence between blends were present. Thus, as is shown in table 7 
through 10, elongation decreastnl with increasing percentages of 
reprocessed fiber. 

if the reiduol component is used as error in testing for the effects ol 
dry cleaning and pressing (treatment), highly significant differences 
are found m all instances of stren{B[tn determinations and in two 
instances of elongation determinations. This may be seen by 
examination of the data in table 13. 

If consideration is given to the totals for blends receiving the same 
treatment, the reason for the existence of significant differences 
.between treatments be<.>omea evident. The strength measurements 
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aro found to be greater at 15 dry cl<‘aning8, with progressively decreas¬ 
ing values after 30 and 45 dry cleanings in five cases; values decrease 
throughout in the case of the tearing-strength measurements in the 
filling diro(‘tion; increase at 15 dry deanings, decrease at 30, and 
again increase at 45, following aoi-asion, in the filling direction; 
incre^ progressively through 30 diy cleanings and decrease at 45 dry 
cleanings in grab and abrasion measurements of the warp; while two 
measurements, tearing strength of the warp and filling, show marked 
decreases after 15 dry cleanings, remain approximately the same 
through 3Q dry cleanings, and then decrease after 45 dry cleanings. 

The effects of diy cleaning and pressing on elongation are not 
necessorilv of the same order as ttiose on the strength measurements. 
The totals arc found to increase after 15 dry cleanings and then 
gradually to decrease in the Idling du'ection of the grab determinations; 
to increase at 15 dry cleanings and remain approximately the same 
throughout in the warp din>ction of the strip determinations; to in¬ 
crease through 30 dry cleanings and decrease at 45 dry cleanings in 
the warp and filling abrasion and waip grab measurements; and to 
decrease progi*ea8iv<*ly in the remaining four instances. 

The third question of interest is whether the effect of treatment 
upon the four mends was similar. The test of significance is made by 
dividing the mean square for interaction by the error mean square. 
Tlu'se n'sults are also recorded in table 13. From this table it may 
be s(*en that in the strength measun'inents higlily significant inter¬ 
actions are found in six instances, significant interactions in one in¬ 
stance*, and nonsignificant interutions in four instances. Tre'atment 
dot's not affect elongation significantly in thri't* cost's, 'ahile significant 
differences are found in three instances, anti highly significant differ- 
enci's in thret> othei>. 

A detailed stutly of the means intlicates tin* reason for significant 
tlifferenct'S in the results. For example, the mean t)f the warp 
abrasitm-strei^th ineasuremt'nts for fabric 100 is greater at 15 diy 
cleanings, the saint* at 30 as at 15 dry cli*anings, and lower at 45 than 
at 30 dry cleanings; for fabric 75 it is lower at 15, lower still at 30, 
and at 45 approximately the same as at 15; ft>r fabric 50 it is the same 
at 15 as bt'fore dry clt*aning, slightly lower at 30, and lower still at 
45; anti ft>r fabric 25 it is slightly lower after t*ach serit's of dry clean¬ 
ings. Similar fabric behavior is fountl in tht* elongation measupements, 
■where si^iificant or highly significant rraults are recorded. While 
eacli intlivithial fabric dot*s not vary a great deal in its it*action to 
treatment, tlie tlissimilar reat'tion of the other fabrics results in the 
significant tliflferenees found between treatments. 

Thus, analysis of the data with the rraidual used as en^ir leads to 
the conclusions that the four fabrics were significantly different in 
nioasiirenients of strength and elongation; the treatments to which 
the fabrics were subjecteil wen* significantly differeiii; and in some 
instances the four fabrics did not. n'act simila^ to tn*atment as 
registered in terms of stron^th and elongation. Tables of the actual 
results show that the fabric's decre'ased in strength in progressing 
from the 100 percent new-wool fabric to the 25 peroent new-wool 
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fabric when similar manufacturing processes were employed. Elon¬ 
gation likewise decreased as the perceiitago of reprocessed fiber was 
increased. Dry cleaning and pressing increased strength in some 
instances and lowered it in oUiers. 

As is suggested above, it is desirable to expand the interpretation 
of the data to include an analysis of the effects of dry cleaning and 
pressing on flannel fabrics containing different percimtages of new 
and reprocessed wool. For this purpose the interaction of blend X 
treatment is used as erix>r. The results of these calculations are also 
rejiorted in table 13. In making these interpretations, how<‘ver, 
it is recognized that the inclusion of a larger number of blends and 
treatments would have been desirable and that the ri'sults an* ap¬ 
plicable only to blends in which the fiber properties are tliose found 
in this study. Thus all blends of new and repi*occ*ssed wool fiber 
would not necessarily produce fabrics having tlie properties found 
in this study. 

Upon examination of the F values it may be seen that, n'gardless 
of treatment, varying the blend of new and reprocessed fibei*s ap¬ 
preciably in flannel fabrics yielded fabrics that djffen*d significantly 
m stroi^th and elongation. One exception to this finding was the 
elongation measurements during the determination of bursting 
streo^th, where it was found Uiat all blends behaved similarly. 

A second determination of importance involved testmg for the 
significance of fabric treatment. In the strength measurements it 
is found that, r^ardless of blend, treatment idTeet is highlv significant 
in four cases, significant in four, and nonsignificant in tliree With 
the exception of tearing strength, m which both warp and filling 
directions are highly significant, the filling direction of the fabrics 
shows a greater tendency than Uie waip to give highly significant 
results, in several instances fabrics that are significantly different 
in one fabric direction are nonsignificant in the oth(*r. Thus the re¬ 
sults of the application of the test of significance for the effects of 
fabric treatment on the strength of the fabrics are mixed. 

In the effect of treatment on fabric elongation it is found that, 
^ardlei^ of blend, treatment affects elongation highly significantly 
in two instances, significantly in two, and nonsignificantly in five. 

In summarizing the findings based on the* second method of inter¬ 
pretation, it is shown that blending new and reprocess<*d wool fiber of 
the types employed in the present study in varying proportions and 
subjectii^ them to the same manufacturing processes resulted in 
fabrics of different strength and elongation, regardless of subsequent 
diy-deaning and pressing processes. cleaning and pressing tlie 
faorics affected strength and elongation significantly in some instances 
and nonsignificantly in otliers, regardless of the bl(*nd. 

SUMMARY 

Wool flannel fabrics containing different blends of new and re¬ 
processed fiber were manufactured, using identical spinning, weaving, 
and finishuig processes. Chemiccu and physical tests were applied 
^to the fabrics as received from the manufacturer and after vaiying 
numbers of commercial dry-cleanings and pressings. 

Comparisons of the fiber qualities of tlfe new and the reprocessed 
wool indicated that the new wool was finer, longer, and crimpier. 
No difference in average contour ratio was found. 
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Ash and nitrogen, wore greater in the new fiber whereas the sulfur 
content was lower. 

Examination of the fundamental pmperties of the four fabrics 
manufactured indicated Uiat, when fibers’ of the nature described 
were used for blending, an increase in the percentage of reprocessed 
wool resulted in an appreciable decrease in the weight per square yard, 
though the number of yarns per inch decreased only slightly and the 
twist remained approximately the same. 

Comparisons between the diameter of thc» fibi^rs in tin* finished 
fabrics and those iii the new' and reprocc‘ss(»d w'ool from which the 
fabrics were made indicated that the coarser reprocessed fiber must 
have been eliminated to a certain extent during manufacture. 

Detenninations of the moisture^, ash, nitrogen, and sulfur content 
of thc‘ fabrics before and aft(‘r diy cleaning and pressing showed that 
the ash tended to increase with diy cleaning; that neither blend nor 
treatment affected the sulfur content apprt»ciably; and that in all 
blends there was a marked increase in nitrog(*n between the fifteenth 
and thirtieth dry cleanings. 

Statistical methods were apulied in the analyses of the effects of 
abrasion and dry cleaning and pressing on the four fabrics. Non¬ 
significant differences in strength between imabraded fabrics and 
fabrics abraded 1,000 times wore found. However, there was a 
decrease in elongation following abrasion. 

When the interpretation of the results of the application of the 
analysis of variance w'as limited to comparisons between the four 
fabrics studied, it was found that the fabrics were significantly 
different in strengtli and elongation; the treatments to iimich they 
were subjected were sipiificantly different; and in some instances 
they did not react similarly to treatment. Expanding the interpre¬ 
tation to iiulicate the general effects of blending new and reprocessed 
wool of the types uschI in this study in manufacturing flamiel fabrics 
resulted in the conclusion that fabrics of different strenirtlj and 
elongation are produced, regardless of subsequent drv cleaning and 
pressing processes to which they may be exposed, 'fhus, regardless 
of the method of interpretation, it was found that increases in the 
percentage of the reprocessed wool used in this study resulted in 
corresponding decrease's in fabric strength and elongation. The 
effwts of dry cleaning and pressing were mixed and therefore incon¬ 
clusive. 
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INHERITANCE OF RESISTANCE TO SIX PHYSIOLOGIC 
RACES OF BEAN RUST‘ 


By W. J. Zaumeyer, pathologist, and L. L. Harter, senior pathologist, Dmswn 
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, Vmted 
States Department of Agriculture * 

INTRODUCTION 

The presence of 2 physiologic raem of the bean rust organism 
(f romyef» phaseoli typiea Arth.) was first demonstrated by Harter, 
Andrus, and Zaumeyer (6).* Later, Harter (J) anil Harter and Zau- 
ineyer (7) reported 18 additional ones. They showed that certain 
varieties and strains of beans (P/uzsro/us rti/par/a L.) were resistant to 
a number of these physiologic races whereas other varieties were 
susceptible. 

Wingai'd (13) studied the inheritance of rust resistance and showed 
in two different cnisses involving n^sistance and 8U8<‘eptibility that 
n'sistance was dependent on a single dominant factor, the F? results 
showing a ratio of 3 resistant plants to 1 susceptible. He made no 
counts in the Fa generation, but reported that the susceptible Fa 
plants bred true for susceptibility in the F, generation and that the 
Fa n'sistant jilants segregated for resistance and susceptibility. It is 
assumed that Wingard worked with a single physiologic race, and his 
results are aeeept(>d as proof of the mod(‘ of inberitance for the bean 
varieties and the race of nist he used. With the Identific'ation of a 
number of pliysiologie races of bean rust since the publication of his 
rmdts, the questionnaturally arose as to whether progenies of various 
bean cro.saea show the same genetic behavior with reference to other 
rae('8 of rust. Investigations (/, 3, 4t 11) on the stem rust of wheat 
{Puecluia gmmin'tH tntici Eriks, and Henn.) showed that resistance 
\kas not iul)(>rited aliki* by all varieties and to various races of the 
parasite. This paper deals with the inheritance of rreistance, in a 
number of bean hybrids, to several of the physiologic raei's of the bean 
nist organism. 

MATERIALS AND METHODS 

The rust material uswl in these studies was either collected by the 
writei's in several swtions of the United States or s(*nt to them by 
various pathologists throughout the country. l.<ater a number of 
diffemit bean varieti(*8 were inoculated with these strains for purposes 
of identification and to ti'st the purity of the particular physiologic 
race. If more than one race were jiresent, each was isolated and 
puri'-lined by using spores of a single sorus. Each race was tlu'ii in¬ 
creased by the inoculation of some susci'ptible variety and then rein- 
wulated to the differential varietie® for the redetermination of purity. 


• <o F* S’ slivenson and L«R«y I’on ors. wntor RpnrtKT.Ii, both of this 1)» wion, 
(or aivntanra In tho (ntrrptrtatian of certain data, and to V H Bosacll. iirincipol hratieulluiist. of thlt> 
Diviaion, for Miqipstiom and criticisms in the iirp|iaration of tnc manuscniit 

• Italic numlicis in parcnfhcsisu'fcr to LUcralureC lUri p (Ill 


Jonmal of Axricullural Rrscarrh, 
W'astilnxton. I) i’ 


Vol n't. No ill 
Nov 1S,1MI 
key No (M227 


( 590 ) 



600 Journal oj Agricultural Research voi. es, No lo 


When this was accomplished, the infected leaves were collected, dried 
for a few days between blotting papers, and then stored in envelopes 
in a refrigerator at —6® C. until needed for inoculation purposes. 
The physiologic races involved in this study were 1, 2, 6, 11, 12, and 
17, and the identical lines of these races were maintained throughout 
the course of the experiments, in some cases slight race mixtures 
occurred in the inoculated F* plants, but these Vrcre in such reduced 
numbers that they were readily detectable and did not in any way 
confuse the results. For example, certain plants from a homozygous 
susceptible line exhibited a very small number of lesions of the resis¬ 
tant type, whereas the great majority of lesions were of the susceptible 
type, indicating that the resistant lesions were possibly produced by 
a race of the rust unlike the one producing the large pustules. Sim¬ 
ilarly, in certain homozygous resistant and heterozygous lines the 
predominating lesions were of the resistant type, but occasionally a 
small percentage of the pustules of the extremely susceptible type 
were noted; this indicated a slight race mixture. 

The bean varieties or strains (table 1) used for differentiating the 
several physiologic races were as follows- (1) IJ. 8. No. 3, a white- 
seeded Kentucky Wonder type; (2) Small Wliito {Cahfomia); (3) 
Ifeto; (4) No. 765,^ a Kentucky Wonder Wax selection; (5) No. 780,^ 
a white-seeded Kentucky Wonder strain; (6) No 814,^ a brown-seeded 
Kentucky Wonder type. These varieties and those used for hybrid¬ 
ization were inoculated in progeny testa and were found to breed true 
for resistance and susceptibility. The seed was grown by the writers 
at Greeley, Colo. In order to study the mode of inheritance of re¬ 
sistance to several of the physiologic racers of bean rust, four different 
crosses involving six bean varieties and strains wc're made between 
certain varieties that were resistant to some of the races and those 
that were susceptible, and later the pi-ogeniea were t<‘sted with the 
six selected physiologic races of the organism. One of the d('termining 
factors underlying the choice of the physiologic races for study was 
the reaction of the differential varieties whose resistance and susci'pti- 
bility to iliese races had previously been determined. By a consider¬ 
ation of these factors it was believed that a fairly reliable cross section 
of the reaction to the six races chosen would be obtained, or at least 
enough would be learned about them to determine wh(‘ther the hybrids 
that were inoculated agreed or differed in their mode of inheritance. 


Table 1 .—Reatlton of differential htan vaneiieh and btrainb to S eelecled phyeiologie 

races of bean rust 


Diflprential variitty or slram 


TJ. S. No 3 

SmaU White (Cci/fA»rNM) 

Pinto 

No 7«6 . 

NO.7R0 
No. 814 


Infertion urade < produeiHl by physioloKU raoo^ 


l 

2 

6 

n 1 

12 

17 

2 

10 

1.5 b 

3 

10 

10 

10 

9 

8 

^ 1 

1 0 

10 

1 

10 

10 

10 

10 

10 

10 

I 

1 

2 

' 6 

2 

6 

1-2 

1 

2 


3 

1 

1 

0 

1 

0 

1 

10 

0 

0 


1 

1 1 


— 

— —. 


> Infection grades range from 0 for immumty to 10 for highest dogrvaof suscoptibihty 
* The fractional exprewion of grade indicates unequal sire of puctules on upiier and lower sides of leaf 


* Numbers carried in the flies of the writers 
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Hybridisation was done under controlled greenhouse conditions. 
The parents and the crosses arc listed in tables 2 and 3 . Instep of 
inoculating the Fi plants, tixe seed was increased under field conditions 
at Greeley, Oolo. The environmental conditions of low humidities 
and hi^h temperatures that prevail in Colorado and the danger of 
contamination of the physiologic races made it inadvisable to test 
the plants in the Fi generation. The Fj plants were inoculated under 
greenhouse conditions at Beltsvillc, Md. The se(>d was plantKl in 
4-inch pots, and when the primary loaves were about three-fourths 
grown they were inoculated with the particular race of rust to be 
investigated by spraying their upper sides with a spore suspension. 

At the same time a set of differential varieties was also inoculated 
to be certain of the purity of the particular race. The inoculated 
plants wen* then placed in a large chamber where the humidity was 
maintained at about 9d percent. After 24 to 48 hours in this chamber, 
they were removed and placrnl in greenhouse benches at a temperature 
varying from 75“ to 80“ F. At the end of 14 days, the grades of 
infection wen* reconh*d and the plants were labeled as to their reaction 
to the physiologic race of rust involved. Some of the hybrid plants 
of all classes were transplant<*d to greenhouse benches and allowed to 
grow to maturity. The seed harvested from Uie transplanted Ft 
plants was grown later, and the plants were tested under greenhouse 
conditions for the Ft data. The Ft plwts selected to give rise to the 
Ft families were chosen at random within the resistant and susceptible 
classes. The Ft families resulting from these selected Ft plants were 
inoculate<l, and the rmdts obtaini'd were used to verify tlio Fj data. 


Table 2 -Reaction of pannial bean vanettea and strains to ft selected physiologic 

tans of bean rust 


\ ari(«t> or strain 


No 7«5 

rcDcil Pod Black Wax 

No 7H0 

Pinto 

Oanhorrx 

No 192 481 


Infection grade produced by ph>siologlc race— 


2 

0 

u j 

12 

17 

1 





10 


1 h ''' 



1 





10 

lU , 

1 

10 

10 


0 I 

i 

1 

» 

0 



1A strain elobely related to No. 814, one of the differential \arietio6. 


All of the Fj plants that wore inoculated with the six lust races 
wore tested in the spring of 1938 and 1939. Most of the F 3 plants of 
the various hybrids were tested in the fall of 1939 and the first 3 months 
of 1940, when conditions were not as favorable for the development 
of the host and fungus as Uiey were when the F 2 plants were inoculated. 

The method used in identifying the various physiologic races was 
described by Harter and Zaumeyer (7) and will be reviewed only 
briefly. T^o scale (table 1 ) for relative resistance or suFceptibility 
ranges from 0 to 10 and is based on the size of the sori. Under yorj 
favorable conditions for growth, readings lower than 5 (see figs. l^ A; 
5 , A; 7 , B) denote grades of resistance; those from 5 to 10 (see figs. 
1 , B; 6 , A) represent grades of susceptibility. Tliere appears to oe 
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uo trace of myrolial invasion in the host tissue of plants rated 0 
(see fig. 3, A), and they are consequently regarded as immune. A 
grade of 1 (see fig. 1, A and C) denotes a very high degree of resistance 
with the production of small to medium h 3 n»ersensitive necrotic areas 
on the leaves without the formation of uredospores. A plant in 
grade 2 is stiU considered highly resistant, but a small number of 
uredospores are produced in tho hypersensitive necrotic lesions. 
Plants with ratings of grade 3-4 (see n^. 5, E; 6, D) are modcraUdy 
resistant, and the sori on the leaves arc comparatively small. Plants 
rated grade 5 or above arc regarded as being in the susceptible class, 
the pustules becoming progressively larger until the extremely sus¬ 
ceptible grade 10 (see fig. 2, B) is reached. Table 1 shows that each 
physiologic race can be readily identified from its degree of infect ivity 
on the several differential bean varieties. 

Tho ratings in all classes were found to vary somewhat wiUi changes 
in environmental conditions. Under favorable conditions, such as 
bright sunlight and a moderately high temperature (20° to 30° C.) 
following infection, tho various physiologic races produced their 
maximum development, but during dark, cool weather or at teinjrera- 
tures above 32° the lesions were usually subuormal iii size. For 
example, a variety rating grade 1 or 2 under favorable environment 
for the fungus may show a 0 or 1 rating, respectively, under advei-se 
conditions. This would also be true for other grades, as, for example, 
a variety showing a 9 to 10 rating under good conditions might show 
only 7 to 8 xmder conditions adverse for the rust or host. 

After establishing the purity of the several physiolc^c races, the 
parents were inoculated to determine their reaction to the six selectwl 
races of rust. Tlicse data are recorded in table 2. 

The data recorded in this paper were subjecteil to the x* lest for 
goodness of fit. This test was apphed independently to F 2 families 
from individual Fj plants and to Fa families fioni F; plants and also 
to the totals of a number of tested families acconling to Fisher’s (S) 
statistical methods. 


EXPERIMENTAL RESULTS 
REACTION OF P, GENERATION 

The F| plants were not inoculat(>d but weie gniwn under field con¬ 
ditions in order to obtain large seed populations. From 160 to .'503 
plants in the several Fj progenies were inoculated (tables 3 and 4). 
No tost was made with reciprocal crosses. An analysis of the data 
(table 3) shows that with races 1,2,6, and 12, resistance was dominant 
to susceptibility, wntl) a 3‘1 s^-egation in the Fj generation, indicating 
a single-factor difference. WiUi races 11 and 17, incomplete iloini- 
nanco is shown by the si^regation of resistant, intermediate, and sus¬ 
ceptible plants in the ratio of 1:2; 1 (table 4). The x* values indicati'd 
that the observed data fit the calculated quite closely in all but one 
instance. Throe progenies of the cross Pinto X No. 780 inoculated 
with race 2 showed a fairly good fit to a 3:1 ratio when the x* value 
(6.751)‘ was computed for the sum of the valura of the individual 
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fanulira. Tbo value foi the total population of the 3 families was 
6.158 • (1 degree of freedom), which indicated a rather poor fit to this 
latio. The deviations m the 3 families were all minus nut nonsignifi¬ 
cant. Because of the cumidativo effect of those deviations, the total 
deviation was significant, thus accountu^ for tlie Higli x* value 

TABLt. 3 Itiaelion of Ft progenies to phi/siologic laeei 1, 2, 6, and Id 


( ross 


1*4 n* il Pod Bbic k W a\ X N > "O'* 
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(''alculatid i 1 ratio 
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^1 
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1 

1 277 " 
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1 

12 

m 
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REACTION TO INDIVIDUAL RACES 
Rust Race 1 

Ot 44 resistant families (table 5) derived from plants moeulated 
with rust race 1 in F 2 and tested with the identical race m Fs, 19 were 
homozygous for resistance and 25 were heterozygous. This is a 
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fairly close fit to a 1:2 ratio with a x* value of 1.920/ The segregation 
of resistant and susceptible plants (fig. 1, C and D) in the 25 hetero- 
zyrous families is a good fit to a 3:1 ratio. The total x* values of the 
inmvidual families is 23.216 * for 25 degrees of freedom, aud the x‘ 
value for the total population of all the families is 2.260 ’ for 1 degree 
of freedom. 

The progenies from 10 Fa selfed susceptible plants were homosygous 
for susceptibility. These results contribute additional evidence to 
support tno sin^e-fartor hypothec. 

Rust Rack 2 

Of 54 resistant (fig. 2, C) families (tabic 5) derived from Fj plants 
inoculated with rust race 2 and tested with the identical race in F^, 20 
were homozygous for resistance and 34 heterozygous. This segrega¬ 
tion is likemse a good fit to a 1.2 ratio with a x^, value of 0.218.^ 
l^e 34 heterozygous families segregated in a 3:1 ratio (table 5) The 
total x* values of the individual families is 44.171 * for .34 degrees of 
freedom. T^e x* value for the total number of tested plants (1 degi‘<‘e 
of freedom) is 9.471,^ which ^owed a poor fit to a 3:1 ratio. An ex¬ 
amination of the data recording the reaction of each individual faniilv 
but not listed in this paper showed that only 1 family deviated signifi- 
cantlv from the calculated. A few others showed fairly large but nou- 
significant deviations. The deviations, however, in 25 of the 34 fami¬ 
lies were in one direction (minus), which accounted, in part, for the 
high X'* value for the total number of plants tested. 

Eleven families that were susceptible (fig 2, D) in F^ proved to be 
homozygous for susceptibility in F,. 

Table 5— Reaction to ptofHioloqic races /, and (t of F\ piogenits dtsrended from 
Fi hybrids inoculated with thi its/Kctivt tacfs 




Vlaiils inoiulatid 

PhybiologK rate and dassilkation of jdanls 
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- 



ui F| generation 

testeil 
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Race 1 
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19 
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Figure 1 —Hoat reaction to race 1 -1, Grade 1 on No 765, B, grade 10 on Pencil Pod Black Wax, C, grade 1 on 
F 2 hybrid of crosfii Pencil Pud Black ax X No 765, D, grade 10 on another hybrid of t»aine cross 
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Rust Rack 6 

The Fj pn>goni(‘S inoculated with race 6 (tabic 3) segregated in 
a ratio of 3 resistant plants to 1 suseoptiblo (fig. 3, C and D) A few 
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resNnbling mosaic. The mildly variegated plants showed a sub¬ 
normal grade of infection (fig. 4, C), whereas those severely variegated 
showed no infection (fig. 4, 5) . Since the number of such plants was 
small, the ratio of resistance to susceptibility was not greatly altered 
In I progeny there were 14 variegated plants, 3 of which sliOHed a 



v^ st^ous chlo«»^yll deficiency; in another, 18 plants w.>re varie- 
gated^ but none of them were seriously affeotocl 
Variegated plants are deficient in chlorophvll,’ the degree depending 
UTOn the extent of the varit^ation (fig. 4, B and O- It is likely that 
toe mycehum of a gominatuig spore enters the host through a stoma 
-but its progress and development from this point apparently are 
dependent upon the amount of chlorophyll present in the loaf. ‘ In a 
senously varicgateil leaf the fungus possibly dies because of the lack 
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of iiiitriButs. Its progress cQnnot bo grout sinoo livporsoiisitivo no- 
crtitic lesions soldom occur on such loaves. In moderately or mildly 
variegated loaves, a few sort wore observed but usually only in those 
regions wliere some chlorophyll was present. A seriously variegated 
plant was n^corded as rc*sistant even though genotypically it may have 
acked the gene n^siKUisible for resistance* observed in nonvariegated 
plants. 

Of 60 families (table 5) derived finm resistant plants inoculated 
with race 6 in F 2 and inoculated with the same race in F,, 19 were 
homozygous for r(*sistunce and 41 segregated in a ratio of 3 'resistant 
plants to I susceptible. The deviation from tin calculated 1:2 ratio 
of pure-bree<ling resistant to s<*gregating familuv derived fnmi Fa 
n*sistant plants \\as not signiticant. The x* value is 0.075,*® which 
pmves a very good fit to this ratio. Among the 19 homozygous 
ri*sistant famiru*s, 3 plants of 598 were susceptible, which possibly 
resulted from seed mixture. * 

Of 41 heterozygous resistant families (table 5) with a total popula¬ 
tion of 1,844 plants, 175 w’ere severely variegated. In many of the 
progenies where variegation occurreil, tlie number of ausc'eplible plants 
was slightly below the calculated 3 : 1 ratio. It is not assumed 
tliat the deficiency in numbers of susceptible plants was due in all 
cases to the |)resence of variegated plants. There was a deficiency, 
or a —4() deviation, of susceptible plants from the calculated number 
for a 3 : 1 ratio. Tlie total value for this ratio was 42.824 “ for 
41 degrees of freedom, wdiich show^s a nonsignifii'ant deviation fn>m a 
3 : 1 ratio. Tin* value of x when computed for ilie total population 
of the 41 families w as 0.12,w hich docs not indicate a good fit for a 
3 . 1 ratio. Twenty-seven of the 41 heterozygous families showed 
an insu(iici(*nt nuniber of siisc<‘ptible plants,* which in most cases 
was due to the presence of ^ariegation. Only 1 family showed a 
slight significant deviation, but due to the accumulation of deficient 
nuniliers of susceptible plants, the x * value of the totals of the tested 
families fitted a 3 : I ratio rather |X>orly. It is possible that the 
deviation would have l)een smaller had there been no variegated 
plants. 

The F 2 susceptible plants did not pix>duce 100-percent susceptibility 
in Fr. Of a total of 305 plants from 7 families, 22 plants were resistant. 
All but 1 of these wrere variegated, fn>m wdiich it is assumed that the 
lack of true breeding was the result of this chlon)phyll deficiency. 
In 1 family 3 plants were resistant and 2 of these* were yaiiegated. 
The resistant nonvariegated plant may have escaped inoculation 
or it may have resulted from seed mixture. 

The reason for the lack of infection of variegated plants is not 
definitely known. It may be due to a purely physiologic reaction of 
the host and fungus or to modifying genetic factore. 

The data given above in a«)me respects fail to corroborate those of 
the F 2 generation, indicating that resistance to physiologic race 6 
may not be governed by a single ilominant factor. If certain modify¬ 
ing* factors are responsible for the lack of true breeding of the varie- 
gat(*d plants, more than a single factor may govern the inheritance 
in the nybrids tested with this race. 


»• Mxnroput point Ml 
Equals 40-pcropnt point 
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Rust Race 12 

Thirty-seven familu^s (table fi) tlerived from the F 2 resistant as 
well as 17 fi’om the susceptible class were inoculated in the F 3 genera¬ 
tion. Fourteen of the 37 families were homozygous for resistance and 
23 segregated in a ratio of 3 resistant plants to 1 susceptible. Tln^ 
deviation fi*om the calculated 1 :2 ratio of homozygous resistant 
to heterozygous resistant families was nonsignificant with a 
value of 0.34.'- 

Table 6 — Reaction to physiologic race 12 of piogtnith disci titled fiom Fi hyhnds 
inoculated with the satnc ract 


IMauts imKijlnlid 
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The susceptible plants (table 0 ) in both (h(‘ heterozyirous niid homo¬ 
zygous susceptible classes are divided into three grades, i. r , one' 
grade including phints showing extreme sii-^eeptibility, upnroxiniately 
as exhibited by the F> plants (fig. 5, /I), and two lower giades. The 
conditions at the time the F, families were inoculated were noi as 
favorabh* as wdieri thi* Fj plants were tested, fioin winch it is assumed 
that some of this variability may liave be(»n due to a lack of tavorable 
environmental conditions lor the best dc*velopment of the rust fungus 
and host. It is noted (table G), how^e\er, that the segregation of the 
heterozygous resistant families into 3 lesistant plants to 1 susceptible 
is a good fit to a 3:1 ratio. Three families showxsl a grade 3 resistance 
(fig. 5, /l’) and others complete immunity. If the infection had been 
slightly higher, these three families might possibly have been clas^cMl 
as homozygous susceptible wdth the assumption that an error hacl 
been made in the classification of the Fj plants. On the other hand, 
with the extreme difference between a grade 3 rating as shown by 7 .') 
percent of the plants in these three families, and a grade 8 to 10 rating 
as exhibited bjy 25 percent, it hardly appears likely that any s(*itous 
error in classification could have occurred. 

All of the 17 F 2 homozygous susceptible families w'ere 100 percent 
susceptible in F,. 

No. 192 *48, the resistant jiarent of the crosses inoculated with rac<* 
12 gave a 0 reaction (table 2 ), whereas in the F 2 the resistant idants 

g ave a gi*ade 1 reaction (fig. 5, O), This slight variation may have 
een due to the environment. On the oSher hand, the grade 3 reac- 


^ ft-peropnt point «3 841. 
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Figdbb 5— Ho-t reacticn to race 12 .1. Grade 0 on No 192 48, B, (trade 10 on Piiitp C, grade 1 on F, h\brid of cross Pinto \ No 

192-48, />, E, wrade'* 10 and 3, rcsi>ecti\ el>, nii other hybrids of •^ame cross 
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tion shown by tho plants in the al^vc-monlioned three families cannot 
bo explained m this manner. Neither is one justified in assuming that 
all of Uic variations in the susceptible class (table 0) wore due to en¬ 
vironment alone. It is possible that a major genetic factor may 
govern the range of resistance from 0 to 4, and another, the range of 
suscentibility from 6 to 10. Clark (i), who apparently observed a 
similar phenomenon in his studies of the inheiitaiice of stem rust 
and bunt in spring wheat crosses, stated that the effect of minor and 
modifying factors cannot always be distinguished from the effect of 
environment. The modifying factors alone or combined with the 
influence of environment mi^ht tend to induce variable degrees of 
resistimeo and susceptibility in cortaui families, but not to the extent 
that they would bo grouped into any except a major resistant or sus 
ceptible doss. This could account for the facts (1) that some of the 
heterozyipus families did not show the some type of resistance and 
susceptibility at all times and (2) that the homozy^mus susceptible* 
families did not exhibit the same degree of susceptibility 
In order to determine, if possible, the reason why tbe*F< jirogenies 
exhibited types of resistance and aubcejitibility not noted in Fj, 
another Fa line of identical parentage was tested and compared simul¬ 
taneously with several Fa progenies deriverl from lesistant Fa plants 
The inoculations were made under moie favoinble <*onditions but not 
quite as near ideid as when tho first Fa families weie tr'sted (table 7) 


T4BLE 7.— Compart8on of reactions of ¥% progenteh with certain Ft progenus 
derived from previously tested plants that were ri si it ant to rate IJ 
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i6-peroont point-1107 x* oslnilated on total of each phenolypi in all faniilus was 0 4S4 foi which 
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The F, pn^eny 1,229-1 (Pinto X No. J02 48) segregated mto 
.3 classes of resistance and 3 of susceptibility (table 7) and showed 
a good fit to a 3:1 ratio. Two F, families were homozygous for ro- 
sistanco, 1 showing total immunity and we other a OTode 3 to 4 re¬ 
reaction. Five families with a total of 145 plants of different degrees 
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of resistance plus 54 of several degrees of suseoptibilily were heter¬ 
ozygous for resistance. The deviation is iiot significant ami tlio 
value of X* is 2.724 for 5 di'grees of freedom, proving a very good 
fit to a 3:1 ratio. 

The results indicate that actually several types of resistance and 
susceptibility to race 12 may occur. Why they wore not recognized 
in the F 2 plants inoculated earlici (table 3) is not knovm, but it is 
likely that they were masked because of the environment and appeared 
only under conditions thus far not eitactly determined. 

Rust Racb 11 

The F 2 hybiids inoculated with rust race 11 (table 4) segregated 
in a ratio of 1 resistant to 2 intermediate to 1 susceptible plant 
(%. 6, r, /?, F). Twenty ft^ilies in the Fg generation, derived 
from previously tested Fg resistant plants, were inoculated with the 
same race used m Fg, and all were foimd to be resistant but not to the 
same degree as in the Fg generation. The resistant plants were 
grouped into four classes (table 8) and in only a few instances did all 
of the plants in any one family fall into the same class. Twelve 
pmgenies fell within either 1 or 2 groups and eight progenies within 4. 
The progenies that fell within 1 or 2 groups were inoculated under 
different environmental conditions from those that were grouped 
into 4 (lasses. 


T^blb 8 Reaction to physiologic tace 11 of families descended from F 2 plants 
inocnlattd with the ^ami race 
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1 Total X * of lndi\idual progcuioit wab 22 and the 5-pcre(*ut |H>int «as 40 11 f The x * calculated for 
total of each phenoty in all familusb ab 0 8S0 and the 5-peroent point nv ab 5 001 
> Pobbihly the rosull of seed mixture or of ebcape from inoculation 


Neither panmt (table 2) of the crosses inoculated with race 11 
showed a high degree of resistance. No. 780 (fig. 6, ^4), the m(>re 
tolerant parent, gave a reaction of 6, The Fg resistant progenies 
showed a transgressive segregation in that they were more resistant 
(fig. 0, r) Uian eithc'r parent, which would indicate that more than a 
single factor governed the inheritance of n^sistance to this race. 

If it is assumed that the range of resistance in tlie Fg homozygous 
resistant class could vary no further than from 0 to 2, depending on 
environmental conciitions, it would be difficult to explain on this 
basis the extreme variability of resistance such as was found in the 
Fa homozygous resistant families. Possibly it may be explained ac- 
(xirding to the theory mentioned earlier with regard to race 12, that js. 
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that a major dominant gono might bo rosponsiblo for tho range of 
lesistance from 0 to 4 and that minor modifying factors which may 
differ in amount and effect might be responsible for the other types 
of resistance sliown in the several Fa homozygous resistant families. 

Twenty-seven heterozygous families that showed an intermediate^ 
n'oetion m Fa segregated in a 1:2:1 ratio in Fj (table 8), showing that 
the 3 Fa generation classt's were distinct. The range of resistance 
was not as variable as it was in the homozygous resistant families, 
which mad(‘ it less difficult to separate the plants within a family 
into their proper classification. Why little, if any, variability 
occurred in these families as compared with the homozygous n^sistant 
families is uncertain. Both classes were inoculated at the same time 
and under identical environmental conditions. Of 1,769 plants in¬ 
oculated in the 27 families (table 8), 452 were resistant, 891 inter¬ 
mediate, and 426 susceptible. The x ^ values shown in table 8 indi¬ 
cate a good fit to a 1:2:1 distribution. 

In 10 homozygous susceptible families (table 8) 503 plants were 
lc‘sted and all except 2 were siisccmtible to approximately the .same 
degree as in the Fj generation. The 2 resistant plants occurred in 
s<‘parate families, and it is probable that they resulted from seed 
mixture but they mav have escapes! ino(‘uIalion.* 

A few chlorophyll-deficient plants that diffeied in appearance 
from the vari(»gated plants found in the 2 progenies inoculated with 
rust rac(‘ 6 were observe<l in a number of tested Fj families. Tliese 
plants, although susceptible to the rust, did not exhibit nearly as 
high a degree of susceptibility as normal plants. In a few instances 
they gave a grade 6 reaction, whereas normal plants in the same family 
gave a grade 10 reaction. In several instances a grade 0 reaction 
was obtained in plants extremely deficient in chlorophyll. As only a 
small numlier of such plants were found in all of the families tested, 
they w'ere not included in the ratios. 

Ru.sr Ruk 17 

The Fj hybrids inoculated with rust rac(‘ 17 segregated in the 
saim» manner as those inoculated with race 12, and gave good fits to a 
1:2:1 ratio (table 4). 

Twelve Vz homozygous resistant families (table 9) bre<l true for 
resistance in F^ T^hirty-nine helert>zygous families which showed 
an intennediate rea<*tion in F 2 , segregated into 3 resistant plants to 1 
susceptible, although theoretically the segiegatiorj should have been 
identical w'itli that of the Fj, i. e., 1 resistant plant to 2 intermediate 
to 1 susceptible. The de\iatkm fi-om this ratio w»as nonsignificant 
since the value of x * 0.103, indicating a good fit to a 3:1 ratio. 

Two grades of resistance (fig. 7, A and B) were noted (table 9) as well 
as 2 grades of susi'eptibility (fig. 7, C and 7>). More plants w'cre 
found in the 0 resistant graae than in grade 2; also, a larger number 
of plants were found in grade 7 susceptible than in giadc 8 to 9. 

It is believed that the failure to obtain a 1:2:1 segregation in the 
heterozygous families was due to a lack of the proper environment for 
the ma.ximum development of the rust fungus. Only 86 of the 387 
susceptible plants in the hetenizygoiis r^'sistant families (table 9) 
gave a grade 8 to 9 reaction insteaci of a grade 10 os they did in the 
(table 4). The same is true in the homozygous susceptible families, 
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where of a total of 897 plants, only 342 were rated grade 8 to 9 in 
susceptibility. It is assumed that if conditions had been optimum 
approximately two-thirds of the resistant plants in the heterozygous 



families would have given an intermediate r(‘a<*tio(i, substantiating 
the 1:2:1 ratio of the F 2 . Instead, these plants fell within the re¬ 
sistant class, making a 3.1 ratio of lesistance to susceptibility. The 
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23 homozygous susceptible families bred true for susceptibility, but 
the plants fell vriiliin 2 classt's (table 9). 


Table 9. Keaetiov to phyuatofte raw 17 of Ft famtltea descended from Ft plarOs 
that had been inoculated with the %amc race 
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The Fj inoriilatioiis were eoiuhieted at two diflcrent periods during 
the wnnter of 1939 40. Env'ironmental conditions were less favorable 
w'hen the first set was made than when the second st*t was made. The 
results, esowially m the resistant class of the heterozygous families, 
clearly indicated this difference. In Uie first inoculations the results 
showed that of a total of 040 resistant plants, 625 fell within grade 0 
and 15 w'ithin grade 2. Of a total of .'>43 plants, in the st'cond inocu¬ 
lations, 1.36 fell w'ithin grade 0 and 407 within {^de 2. 

To study further the reason tliat the inU'rmediate P's class faded to 
segregate m a 1:2:1 ratio in F,, 2 untested Fj families and 11 more F, 
families from t(>sted F^ lines tliat had produced an intermediate re¬ 
action W'oie inoculated with race 17. Tlie results are shown in table 
10. Tlie environmental conditions were slightly more favorable 
than when F, plants were testeil earlier (table 9); however they were 
not as favorable as when the first F, familiesii«Rn'eniincRi)aCe(h(tmf^). 
The data presi'iitcd in table 10 do not appear to be sufficiently con¬ 
sistent to he interpreted on the basis of a one-factor pair difference. 
In prop'ny 1228-4, the intermediate class was slightly more resistot 
than the r\ progenies listed in table 4. Two grades of susceptibility 
were produced, whereas in the earlier t(‘Sted F, plants only a suscep¬ 
tible 10 grade w'as noted. On the other hand, if the plants in grade 3 
arc r(>garded as resistant F, progeny 1228-5 segregated in a 3:1 ratio. 
It is likely that the plants in grade 3 might have sliown an intermediate 
reaction under a more favorable environment. Furthermore, it is 
possible that part of the plants in the 0 grade may have been geno¬ 
typically intermediate in reaction but failed to reach that degree of 
development because of the unfavorable environment. On the other 
hand, environment alone may not have been responsible for the 
variability, but the reaction may have been influenced by certain 
modifying factors. 
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Table \^,—Rea^wn of progenies and Fi progenies descended from previously 
tested F 2 plants whim had shown an intermeaiate reaction (grade 6S) to physio- 
logic race t7 


Oi'Ticratiou and famih N(i 


122s 4 
1228 •) 

ObstTVcd 

('alculatod 1 21 ratio . 


1 I )pRret>s of freedom* ta lec the nunibi>r of families tested 1 \( ept for family 122H *1 

»X* (^eulated on totals of each phenoty in all faiiiihes* 2 OlH 5-i>erc(*nt jMiint - •» W)1 

Four hundred ninety-seven Fj plants derived from preyioubly 
tested Fj lines that had given an intermediate reaction were inocu¬ 
lated (table 10) with the result that 132 were found to he resistant, 
254 intermediate, and 111 susceptible. If the plants in grade 3 are 
considered as intermediate in reaction llien the total x" value of the 
individual families for a 1:2:1 distribution is 14.278,” which shows a 
good ht for this ratio. The value for the total population (2.023) 
also proves a good fit. The intermediate class showed a higher 
decree of resistance than did tlie earlier tested F 2 plants (table 4), 
W'liich was assumed to be the result of the environment. In the 
previously testinl F, progenies (table 9) a considi'rable number of 
plants in the families that gave an intermediate reaction 111 F^ showed 
a grade 2 reaction. Many of these may have given an iiiteiinediati^ 
reaction under more favorable environmental conditions. (Classi¬ 
fication was difiicult because of the similarity between these plants 
and those in the 0 class. 

The susceptible plants were divided into 2 gniiips, the majority of 
which fell witliin the 7 to 8 grade. Many, if not all, of these plants 
might have attained a higher degree of mfection had conditions bisui 
more favorable. On the other hand, minor or modifying factoiw may 
also have been responsible for certain of the plants not attaining the 
degree of infection that was sliown by the F^ plants. Thosi' sanii' 
factors may have been the cause of the failure of the F^ interinediate 
clasp of previous experiments to segregate in the expt'cted 1:2:1 ratio 
in Fs. 

DISCUSSION 

It is evident from the data presented in this study Uiat in the bean 
hybrids investigated a single genetic factor is involved in the inheri¬ 
tance of resistance to physiologic races 1 and 2 of bean rust, and that 
more than one factor may govern such inheritance lo races 6, 11, 12, 
and 17. It is also shown that the factor for rraistance is dominant 
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in the hybrids inoculatc'd with raci*s 1 , 2 , 6 , and 12 , and incompletely 
dominant in the crosses inoculated with racc^ 11 and 17. 

No. 780, the less susceptible of the two parents of the crosses inocu¬ 
lated with race 11 , exhibited (table 2 ) a grade 6 reaction (fig. 6 , A), 
whereas Pinto, the more susceptible parent, show(*d a grade 10 reaction 
(fig. (), B). In the 1% generation, the plants in the homozygous 
resistant class were leas susceptible (fig. fi, C) than No. 780, thereby 
indicating a transgressive segregation. 

The inheritance of n^sistance to races 0 , 11 , 12 , and 17, as previously 
mentioned, may be governed by more than a single gene even though 
the F 2 results indicate a single-factor difference. Although it is 
possible that the lack of infection among the chlorophyll-deficient 
plants inoculated with race 0 <‘ould be explained on a purely physio¬ 
logical basis, it is also lik(‘ly that this phenomcMion may have been due 
to minor or modifying factors. 

An F 2 progc'iiy closely related to those that wej*e earlier inoculated 
with race 12 was later inoculated with thc‘ same race and a wide rang(» 
of resistance and susceptibility was noted (table 7), although only one 
lyi)e of resistance was observed in the first lest. All of the homozygous 
resistant plants inoculated with race 12 , as well as the resistant 
plants of the heterozygous resistant families, did not breed true for 
the same type of resistance as shown in tin* F 2 plants (table 3 ) but 
exhibited a greater range of resistance*. Similarly, the homozygous 
susceptible F^ plants did not breed true in <*verv case* in the F 3 for 
tin* type of susceptibility exhibited in F 2 (tabh*s 3 and h). likewise, 
not all of the plants in tin* homozygous resistant families ino(*ulated 
with race 11 bn*d true* few the same tvpe of re*sistance* as shown liy the* 
Fj plants (table 4J. Some but not all of this variation may have l)ee*n 
cause*d by i*nvire)nme*nt, anel minor modifying factors may have* bee»n 
re*sj)emsible to semn* e»xtent. Why these tvpe»s of ivsistance and sus- 
e*e'ptibility were not re'cognize'el in the earlier ine)e*ulat(*el F^ plants is 
elifiie'ult to (*xpiain. It is pos.sible that an exacting environm<*nt ne>t 
thus far re»e*e)gnize'el is e'sse*ntial few tlu'ir proelin*tion. Tlnwe is likewise* 
a peissibility that a major geuu* may inhibit their preieluction unde*r 
me)st e*oinlitions. 

The* twe) grade's e)f suse*e»jitibility ivcognizeel among the susceptible* 
plants as well as the variability in the* plants sheiwing an intermediate 
ri»ae*tie)n when ineiculate'd with rae*e 17 (table's 9 ami 10) probably 
resulte*el from a combinatiem of modifying ge*netie* factews anel en\i- 
ronme*ntal influences. 

The*se stuelie's showoel that environment probably playe'd an iin- 
peirtant rede, as ivgarels its influence both on the host anel on the fungus, 
anel this may explain, in part at least, why many of the ivadings take*n 
unelew one* se't of cemditiems eliffeweel from those taken unele*r another. 

llybrieis inoculated with rae*es 11 anel 17, gave in F 2 (table 40 a 
ratio e>f 1 ri*sistant plant to 2 intermediate te) 1 susce*ptil)le. The 
plants that showe*d an inte*rme*diate re*actie>n to race 11 in F 2 st'gregati*el 
in a similar manne'r in Fi (table 8 ), wheweas the* plants in the same class 
inoculate*d with race 17 under the same environmental conditions 
sc'gregate'd in 3 re*sistanl plants to 1 susceptible (table 9). nlien the 
inoculations with race 17 ivere made under more'fayewable conditions, 
the intermediate class segregatc'd in a 1 * 2:1 ratio in ha (table 10 ) as 
e*xpee*te(i. The intermediate class, however, shifted from a graele 



620 


Journal oj AgrievHural Research 


VoI.M,Na 10 


5 to 6 rating (table 4) to a pade 3 (tabic 10), and the susceptible cla^ 
from a grade 10 rating (table 4) to grades 7 to 8 and 9 (table 10 ). This 
suggests that because of the unfavorable enyiroiment those plants that 
should have shown an intermediate reaction in the earlier F 3 tests 
appeared quite highly resistant and were classified with the homozy¬ 
gous resistant plants. The combination of these two cla 8 R(>s compared 
with the homozygous susceptible class gave a 3:1 ratio, which indicates 
that the environment may definitely anect the results and may play a 
more important role with some races than with others. 

These data have convinced the writers that certain uncontrollable 
differences in environment, even though slight, may be sufficient to 
^ift the degree of infection into lower OTodes than would normally be 
expected. It was not deemed advisable to adhere at all times to an 
arbitrary standard of classification. It has been necessary to take in¬ 
to account all the factors that were known to influence the results be¬ 
fore assigning infected material to the different classes. The writers 
believe that those records of actual occurrence may be of benefit to 
other investigators who may note similar phenomena in their 
experiments. 

It is not known how many of the 11 grades used in classifying the 
degree of rt*sistance and susceptibility may be govermnl by a single 
gene. Three geniral classes have been re<‘ognized, tliat is, resistant, 
interm(>diate, and sus<*eptiblc, and within these other sulielasst's acre 
noted. 

It should be remembered that the results priwnted herein deal only 
with the inheritance of rraistance in tlie seedling stagi's of growth 
under greenhouse conditions. Earlier studies by Staknuui (1^), 
Melchers and Parker (10), and Hayes, Stakman, and Aamodt (8) with 
the stem rust of wheat snowed that certain varieties and hybrids of 
wheat in the si>edling stage allowed relatively high susceptibility under 
greenhouse conditions but considerable resistance as adult plants in 
the field. It was also shown by (louldon, Neatby, and Welsh (Jf) that 
resistance in the mature stage was inherited independently of seedling 
rreistance, and tliey concluded that the two tyjics of rraistance are 
distinct. Levine and Smith (9), wrorkit^ with races of oat rust 
(Pveeinia graminift amiae Eriks.), founa close agreemi'nt in the 
reactions of seedling and maturing plants. This phase of the bean 
rust problem has not been investigated, but observations have indi¬ 
cated that many varieties susceptible in tlic maturing stages in the 
field are equally as susceptible in the seedling stage in the greenhouse 

At the present time relatively few commercial varieti(>s of cither 
the garden or the field types are resistant to many of the raiw 
However, there arc a few that have shown a high degree of resistance 
to a number of the raci*s thus far described. The W’riters have em¬ 
ploy^ some of these varieties in certain crosses, and a number of 
hybrids r(>sistant to 17 races are now being devc'loped. 

SUMMARY 

Foiir different cinsses involving six varieties or strains of beans 
and six physiologic races of bean rust were investigated to determine 
the mode of inheritance of resistance. Thi* racw of rust involveil 
were 1 , 2 , 6 , 11 , 12 , and 17. 
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Results proved that rraistance to rad's I and 2 in the bean hybrids 
investigated was due to a single Mendelian factor. Possibly other 
genetic factors may be involved in the resistance of the hybrids 
inoculated with races 6 , 11, 12, and 17. K^stance was shown to be 
dominant in the hybrids inoculaUnl with races 1 , 2 , 6 , and 12 , and 
incximpletely dominant in those inoculated wiUi races 11 and 17. 

Severely variegated plants inoculatt'd with race 6 showed immunity, 
whereas those mildly variegaU'd showed a Iraser degree of suscepti¬ 
bility tlmn normal plants. This may have been due either to the 
physiological behavior of the host and the fungus, or to modifying 
genetic factors, or to a combination of thrae. 

Tt is possible that a major gene may govern resistance within gra<lo 
0 to 4 in the hybrids inoculateii with races 11 and 12, and a similar 
factor susci'ptibility within gr^le 5 to 10 . Minor modifying fat'tors 
may be responsible for the variable degnu'S of resistance and suscepti¬ 
bility found within the major classes. 

An F 2 line related to those prog<*nies previously inoculated with 
race 11 showed several (dasses of resistanct* and susceptibility not 
previously obsetwed, which explains in part at least the reason for 
the presence of these variable classes in Fs. 

Transgressive segregation occurred in the hybrids inoculati'd with 
race 11 since' oiu'-fourth of the Fj plants showed more resistance than 
the less susct'ptible parent. 

The n'siUts >»ith the F 3 progenic's inoculatc'd with race 17 showed 
that cuvironme'nt ('.xcrcised some infleienci' on the degree of infection 
in the inti'miediate class. Tiidcr an unfavorable envirouinent the 
plants appeared resistant nixl segregated in a ratio of 3 resistant to 1 
susceptible, wln'reas under more favorable conditions they segi-egated 
in a 1 : 2:1 ratio. 

Thm' data deal only with the inheritance of rwistance of seedling 
plants grown under greenhouse' conditions. 
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IODINE IN RELATION TO PLANT NUTRITION' 

Hy J. C. Lbwih, QHniittant chemint, and W. ij. Powekh, *SVn7 MphUhI^ Oregon 
Agricultural Experiment Station * 

INTRODUCTION 

Althoiij^h investijralions dealing with the effects of iodine on plant 
growth have been ri'ported over a period of some 40 years, the exact 
relalitm of iodine to plant nutrition remains to be determined. Interest 
in this problem is augmented by the importance of iodine in animal 
nutrition. 

The writers* approach to4he problem of the importance of iodine in 
|)lant nutrition has involved two distinct lines of study. First of all, 
critical experiments dealing witli the question of the essential nature 
of iodine in plant nutrition have been conducted. The knowledge 
as to wheth(»r occasional stimulations of. plant growth by iodine 
additions to soils an' diu' to the remedying of a deficiency of an 
c'ssential nutrient or to some secondary efft'ct of iodine is of prinu* 
importance to a rational consideration of the problem. A secemd 
line of approach has been based on the assumjition that responses to 
iodine additions to soils are most likely to be found in regions where 
simple goiter is endemic. Oregon is in such a region (/I;.® 

REVIEW OF LITERATURE 


Several investigators (/.^, 21, 22y have obtained stimulations of 
plant grow’tli from additions of iodine to sand and solution cultures. 
White {23) found that iodine, as well as manganese, zinc, and boron, 
appears to lie es’S(»ntial for the gniwth of excised tomato roots. Numer¬ 
ous failures to obtain stimulations by nontoxic additions of iodine¬ 
bearing compoumis to sand an<I solution cultures have also been 
n'porteil (4, III, /.9). Iodine levels of the order of 1 or 2 parts per 
million are generally toxi(‘ to higher plants, c.xcept halophytes. 

Growth responses of micro-organisms to iodine' tivatments have 
also bee'll re'porteil. Se'veral workers have retwrte'd stimulation of 
Azotohaefer cltroococcum (ff, KK 21), Siwcharonnjces eererisiae (7, 10), 
and Bacillus subtiliH (10) by iodine tivatmeiits. Ishikawa (€9), how¬ 
ever-, founel that the activitv of pniteolytic bacteria was repressed bv 
as little as 20 p. p. m.of iodine. These e'ffects we're obtained wdth 
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iodine conoontrations well below the toxic levels, since for micro¬ 
organisms relatively high concentrations are required to produce 
toxic effects. Such*growth responses are to be distinguished from the 
stimulations frequently given by poisons at concentrations just below 
toxic levels. Thus Bramiam {!) investigated 16 antisc'ptics, including 
tincture c)f iodine, and found that most of them had a stimulating 
effect at sublethal concentrations. The latter phenomc^non is related 
to the irritability of protoplasm and must be carefully distinguished 
when the question of the essentiality of a nutritive factor arises. 

Since even in solution cultures the reasons for growth r(‘S])onses to 
iodine additions are not clear, it is not possible* at present to interpret 
satisfactorily the r(»sponses sometimes obtained wlieii iodine is added 
to soils. Numerous cases of grow'th resjionses are recorded. Not all 
of these experiments may be dismiss(*(i as being statistically unre¬ 
liable. As would be exiK*cted, tluTe are also numerous reports of 
failures to obtain responses. The etf(*cts of iodiiu* tr(*atment of soils 
on plant growth and on the iodine content of jdants, as well as the 
distribution of iodine in nature, have been reviewed bv McCIcmdon 
{15) and others {IS, 17).^ 

THE QUESTION OF THE ESSENTIAL NATURE OF IODINE IN PLA'NT 
AND MICROBIOLOGICAL NUTRITION 

MATERIALS AND METHODS 
An\l>ti(’4L Mkthods 

The analytical methods employed varied with the type of material 
to be analyzed and the anticipated iodine cont(*nt. WatiT samples 
were evaporated under alkaline conditions, follow(*d by low tempe^ra- 
ture potassium hydroxide fusion. Soils and high-iodim* plant ma¬ 
terials were fused with potassium hydroxide. liow-iodine plant 
materials wen* burned in the Kolnitz-Remington (//) oxvgen torch. 
The gases were absorbed in alkaline solution, the* solution evaporated, 
and the residue fused with potassium hydroxide. Iodine was re¬ 
covered by the distillation method of Bratton and McClendon (^), 
followed by bromine oxidation and thiosulfate titration. In some of 
the earlier analyses, iodine w^as recovennl by alcohol (extraction of a 
potassium carlxinate paste {S) or a saturated solution of iK)tassium 
carbonate {18). 

Numerous blank determinations were run as a jirecaution against 
the ever-present danger of iodine containinatioii. Tlu* n^sults from 
thes(^ blanks were usually small in comparison with the actual d(‘- 
terminations. Tin* recovery of iodide added to hay sample's was 
found to vary from 90 to 100 percent. The analytical figures pre¬ 
sented are usually the average of two or more determinations. 

PURIFK'ATION OP NuTRIENT ChEMIC’ALn 

The only ivport found in the literaturo of a cultural medium 
especially designed to contain a minimal amount of iodine is that of 
Stoklasa (^^). He gives no details of his purification im'thods beyond 
the implica tion that the nutrient salts were purified by recrystalliza- 
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tion. Stoklasa’s uiialysoR of plant materials fi:rown on his medium 
show a substantial iodine eontent. The writei*s’ analysers, presented 
in table 1, emphasize the necessity for purifying? c(»rtaiii of the nutrient 
clnunicals. 

Since little evidence was available us to the efficiency of removal of 
iodine compounds from nutrient salts by recrystallization, mon» posi¬ 
tive' purification methods were sought for use W'ith the' ne'cessary 
nutrient chemicals. Where possible', the maximal iodine content of 
the che'inical after purifi(*ation w'^as approximate'd by studying the 
rate of re'me>val e)f iodine eluring the purificatiem piwe'elure. Thus 
in the purifie*ation of dipotassium pheisphate, a satiiratc'd solution of 
the' salt W’^as re'pe'ute'dly e'xtracteel with ethaned The progre'ss of 
ioeiine J*enie)val was followe'el by analyse's of the succe'ssive alcohol 
e'xtracts. 

It is e'stiniate‘el that the proce'diiiTS folle)we‘el are sufficiently effe'ctive 
to ivelue'e' the ioeiine ce)ntent e)f the major nutrient ciu'micals to be'leiw 
1 part per billiem; that e»f water to be'low O.OOl p. p. 1). The re'sulting 
nutrie'iit solutieins Mlioulei have an iodine conte'iit of the orde'r of 0.001 
p. p. I). Sue'h e’heniieals and solutions are he'n^afte'r refe»rre'd to as 
“ioeline'-five.” 
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Dipntafisium phosphate and potassium cafbonaft.- A saturate'el solu¬ 
tion of the salt was extracted repeateelly wdth ioeline'-freo ethanol 
prepared ns described be'low. When analyst's of the extracts showed a 
re'eluction of the ienline content of the salt to loss than 1 P* P* b., the 
solution w*as boiled for 30 minute's wdth 0.1 pe'rcent of hydrazine 
sulhite to reduces ioelates. Afte'r re'extraction wnth e'thanol, tiie 
solution w’as evaporatcel to dryness and heateel to destroy excess 

^Sulfuric acid. -The acid W’as boiled to about two-thirds of the orig- 

"'i'driuTimlfate, magnemvm svifate, awl firric 
<lmdcd salt was suspmdcd in two times its volume of clumicaUy 
pure sulfuric acid anti boilwl to dryness. fmm 

Ammonium hydroxide. -Ammonia was purified by aftlntion 

potassium carbonate, bubbling tliroiKh potassium 
in a scries of gas-wasliing bottles, and absorption in lod 
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Nitric acid, -Cliomioally pure nitric acid was rc'poatcdly distilh'd 
from barium nitrate, only tin* midfraction bcin^? saved. Acid S(‘V(‘ral 
years old was used to ensure compbde conversion of iodides to iodates. 
Owing to the difficulty of determining traces of iodine in the* pi'<‘senc(‘ 
of lai’ge amounts of nitrat(‘s, this purification pi'oeedure could not be 
critically checked. 

Svcfose,—The method of Harvey (^) involving repeated r(‘crystal- 
liza lions from ethanol was followed. 

Ethanol ,—Ethanol was readily free<l from iodine com|)ounds by 
distillation from potassium hydroxide after an initial refluxing piu iod. 
The ethanol used for cultural purposes was nnlistilh'd. 

Water,— Purification of ordinaiy distilled water was accoinplislu‘d 
by redistillation from alkali carbonates in a pyrex glass still. 

('iTLTUR\L Methods 

Two groups of experiments were conducted with hiirher i)lant«. 
The culture solutions used in the fii*st group were prepan^tl from ordi¬ 
naiy chemically pure salts and ordinary distilled water; only nominal 
precautions were taken against iodine contamination. Thes(» experi¬ 
ments are referred to hereafter as “preliminary.” The solutions used 
in the second group of exp(»rinients were prepan^d from the spc‘cially 
purified salts and redistilled water, and rigorous precautions wimv 
taken against iodine contamination. 

The basal nutrient solution used in the preliminary (‘xpiM’inu'nts and 
the cultural conditions have been described elsewhcn* (12), In all 
of the cultural work iodine treatments wen* add(‘d as potassium 
iodide. Stoneware and mason jai*s were us(*d as cult ural \ (‘ss(*K. Tin* 
seedlings, after germination in washed quartz sand, were transf(‘rn*d 
to the cultural solutions. They were held with tufts of cotton in 
vaniished plywood covers. 

The nutrient solutions used in the second group of e\p(‘rim(*nts \\(Te 
prepared from iodine-frei* nutrient chemicals and redistilled uat<*r. 
The chemically pure salts used for supplying minor (*h*ments wen* not 
subjected to purification procedures. Tin* nutrient solutions had tin* 
following composition: Calcium sulfate, 0.002 M; magnesium sulfate, 
0.001 M; dipotassium phosphate, 0.002 M; ammonium nitrate, O.OO.") 
M; boron as boric acid, 0.5 p. p. in.; manganese as sulfate*, 0.5 p. p. m.: 
zinc as sulfate, 0.05 p. p. m.; copper as sulfat <*, 0.02 p. p. m.; aiul molyb¬ 
denum us ammonium molybelute, 0.05 j). p. m. The pll was adjusted 
weekly to 5.5 to 0.0 with ammonium nydroxide or nitric acid. Iron 
was added as ferric sulfate at the rate of 1 p. p. rn. every 3 days during 
the early growth stages and weekly during the later growth stagers. 

The success of such experiments depends on careful precautions 
against contamination of the reagents, nutrient solutions, and plants. 
In the case of iodine this is esp(*cially important because of its wid<» 
distribution. The glass culture vessels, glass-stoppered bottlers used 
for storing reagents, and pipettes and graduated cylinders us(*d in 
preparing the solutions were thoroughly soaked in acid cleaning mix¬ 
tures and rinsed well with iodine-free wat(*r. The interfen^nce of 
•iodine contamination of the solutions was reduced as far as possible 
by avoiding forced aeration and by using*coiicentrate(i, infreqiu^ntly 
renewed culture solutions. 
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The* mcdiiini uschI for the oulturo of Asotobacter agih was prepared 
from kxlino-frco salts, and precautions were taken against iodine con¬ 
tamination. Tlie medium hud the following composition: Magnesium 
sulfatiC, 0.0084 M; dipotassium phosphate*, t).0019 M; calcium sulfate, 
12 p. p. ni.; ferric sulfate, fi p.]).m.; boron, manganese, zinc, copper, and 
molybdenum as given above; potassium carbonate to pH 7.0;'and 
ethanol, 1.1 p*>reent by weight. The inorganic constituents were dis¬ 
solved in iodine-free water. Alitjuots of 140 ml. were distributed into 
.100 ml. Erhuuneyi'r flasks, which were stoppered with cotton and 
autoclaveel. Ethanol was aseptically pipetted into the flasks after 
st(‘rilization. The inverted-sucrose medium iiseil in the preliminary 
exp(‘rim(‘nts hud a similar inorganic composition. 

EXPKKIMENTAL KESDLTS 
PrEUMINAIIY PliAAT EXPERIMENTS 

A number of preliminary experiments were conducteil with ordinary 
c. p. chi'miculs ami tap or distilh*<l water to determine the elTect of 
added iodine. The results obtained in certain of these experiments 
are reported in table 2. 

Table 2. —Yield and iodine content of corn, barley, and head lettuce gtown in 
unpunfied nolution culturen eontain%ng nniall quantitieH of iodine 
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Additions of potassium iodide equivalent to 0.1 to 5 p. p. ni. of 
iodine depressed the growth of eorii {Zta mays), A eoneentralioii 
of 1 j). p. m. of iodine depressed growth by approximately oO percent, 
while 5 p. p. m. was very toxic. The above* culture solutions w’cre 
made up witli tap water in new glazed stoneware crocks. 

In a similar experiment w'ith barley {JlanUum lulgare), in wrhich 
solutions made up with distilled w'ater in glaze'd stonew'are crocks 
wren* U8(‘d, no stimulation was observed over the rangt* of 0.05 to 1 
p. p. in. of added iodint*. A concentration of 0.5 p.p.m.of added iodine 
was definitely toxic; 1 p. p. m. w’as lethal. 

Another experiment wdlh barley was made to detenniin* the statisti¬ 
cal significance of the results from the addition of 0.05 p. p. m. of iodine*. 
The cultural solutions w<*re prepared with distilled water. Eighteen 



628 


Journal of Agricultural Research 


Vol. 63 , No 11 


1-quart mason jars wore used for earh treatment. The mean dry 
weigjht of the tops was 0.422 ± 0.033 gem.® for the control solution as 
compared with 0.457 ± 0.025 gm. when 0.05 p. p. m. of iodine was 
added. The difference is not statistically significant. 

An experiment was made with head lettuce {Lactuca sat[m), grown 
in glazed stoneware crocks in solutions made up with distilled water. 
Iodine was added at rates of 0.05 to 1 1 ). p. m. (table 2). The control 
plants were inferior to those treated with 0 05 to 0.5 p. p. m. of added 
iodine. The plants treated with 1 p p. in. of iodine were sliglitly in¬ 
ferior to the controls. While the responses to individual iodine treat¬ 
ments are not statistically significant, if the kxtine treatments from 
0.05 to 0.5 p. p. m. are grouped, a slight respon.se to addcsl iodine 
appears to ha\e been obtained. The control tnsitmeiit was applied 
to six plants, the other treatment to four plants each. 

In another experiment, head lettuce was grown in 1-quart mason 
jars in solutions made up with distilled water. A treatment with 
0.25 p. p. m. of added iodine was compared with the conti*ot solution. 
No stimulation was observed. Further work with head lettuce in 
stoneware jars failed to show any stimulation resulting fnun the addeil 
iodine. 

Table 3— Thf calculaUd iodine conUnt of Oh conhol solutions ustd hif sivnal 
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Iodine analyses were made of certain plant materials grown in the 
above-described experiments. In general, the iodine conttsit of tlie 
plant material was gn»atly increased in the presence of added iodiiu^, 
the iodine content being more or less linearly related to the concen¬ 
tration of added iodine By assuming that plant material growm in 
the complete absence of kxfine in the solutions would be essentially 
iodinefree, and assuming further that the linear relation of iodine 
content to iodine concentration holds at low iodine concentrations, 


• The standard error of the mean is used in this paiH*r. 
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it is possible to estimate the iodine coneentration in the control solu* 
tion from the iodine content of plant materials grown in the control 
»3lution and of materials grown under otherwise identical conditions 
in the presence of known concentrations'of iodine. The data on 
which three sots of such calculations are based arc presented in table 2. 
The apparent iodine content of the control solutions, as well as the 
results of similar calculations for the control solutions of other in¬ 
vestigators, arc shown in tal)le 3. The apparent iodine content of 
the writers* continl solutions in most cases is of the order of 1 p. p. b. 
The unpurified solutions show lower iodine concentrations than the 
control solutions used by the other investigators cited. 

Two possible sources of erinr may affect the above calculations. 
In the first place, the linear relation betw'ecn iodine concentration in 
the solution and iodin<» content of the plant material may not hold at 
low*^ iodine concentrations. In general, the error woiihf be expected 
to be gn^ater, the greater, the difference between the iodine concen¬ 
trations in the known and the unknown solutions. That this source 
of eri-or is not serious in the w’riters* calculations is indicated by the 
fact that such calculations based on tliree plant speries giDwn in known 
iodine concentrations varying over wide ranges are in substantial 
agnnnent. 

In the secoinl place, while practically all of the iodine in the high 
iodine-content plant material must have come fi’om the solution, this 
is not necessarily true of the iodine in the low’ iodine-content plant 
inati^rial. A substantial fraction of the iodine in such material may 
have arisen from atmospheric or other sources of contamination. 
This consideration would tend to make the calculatc»d iodine content 
of the solution a maximal value. 

Pl\nt With PeaniED SoLtnoxb 

Two experiments were conducttHl with tomatoes (Lycopemeum 
gi*own in solutions prepared fn>m purified chemicals and 
redistilhul watca*. (ilass cultun* vessels were thoroughly cleaned 
with acids, ami special precautions were taken against iodine con¬ 
tamination. 

In the first (»x])erinn»nt, nine 3-liter soft-glass batteiy jars bearing 
thre(» plants per jar were used in each series. To facilitate statistical 
treatment, individual plants were paired on the basis of initial size. 
A tn^atment of 0.1 p. p. m. of addeil iodine w’as compared w’itli the 
iodin(»-fr(‘e control. After 05 days the plants had attained green 
weights of about 40 gm. each. No vield response to iodine treatment 
w’as obtained, the mean dilh'rence helweeii paired plants in favor of 
the iodine treatment being 0.S54-1.3 gm. At this time tw^o plants 
pc'r jar were harvested, leaving the best paired plant in each jar. 
These plants w ere permit ted to grow^ to maturity (104 days). Neither 
fruit, tops, nor niots showed any response to iodine treatment. 

A sc'cond experiment was carried out in 16 shallow pyrex baking 
dishes with glass lids drilled to accommodate the stems of the plants. 
Six seedlings per dish were started. After 30 days the plants luul 
green wc'ights of 6 to 7 gm, each. The mean of the differences be¬ 
tween mean weights of plants in paired jars w’as 0.25±0.10 gm. in 
favor of the plants grown in the presence of 0.1 p. p. m. of added 
iodine. At tins time the plants were thinned to two per jar and 



630 


Jovmat of AgricnUural Research 


Vol 03, Nq 11 


permitted to grow to the blooming stage. There was no response of 
either tops or roots to iodine treatments after 82 days of growth. 

Sugar beets {Beta vulgaris) were grown for a short period in purified 
nutrient solutions in soft-glass battery jars. After 3 weeks of giDwlh, 
there were no signifieant differenees between the mean weights for th(» 
various treatments, which varied from 4.40 to 4.65 gm. Stoklasa (^18) 
obtained a significant response to iodine tre^atment at 30 days aftc^r 
germination. 

Iodine analyses were made of various parts of tomato plants grown 
in the pivsenee and in the absenee of added iodine. These analyses 
are presented in table 4. They indicate that under the conditions of 
these experiments the distribution of iodine in the tomato plant w^as 
fairly uniform. 

Table i —The iodine content of tomato plants gioivn in **ioflin(-f/(f*^ solutions and 
in the pieeence of added lodim 
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> Dupliratc aiial^seMivtn not niadt* of itisulfiiicnt plant matirial 

The iodine content of the plant materials from the iodine-free 
cultures were found to approximate 100 p. p. b., and in one case with 
younger plants to be 290 p. p. b. The origin of tliis n»lati\ely high 
iodine content is a question of conshlt^rable importance*. A cal(*ula- 
tion based on the volume of nutrient solution us(»d te) product* 1 gm. 
of dry plant material indicates that a residual iodine conct'iitration 
of 0.001 p.p.b. in the iodine-free solutions could liave contributed only 
approximately 0.5 p. p. b. of iodine to the plant material. 

The small size and low iodine content of sf»(»da in general seems to 
preclude a significant iodine contribution from this sourci*. For 
example, a tomato plant weighing 10 gm. w'^ould rec(*iv(» an iodine 
contribution of only 0.01 p. p. b. from a seed weighing 1 mg. ami having 
an iodine content of 100 j). p. b. 

Two iodhu* analyses of the greenhousi* air made during these 
investigations gave an iodine content of 0.01 and 0.04 7 ^ per cubic 
meter of air. Each sample was collected ov<*r a period of 1 to 3 months 
and therefore represents a mean air iodine content. The low(*st air 
iodine content among those summarized by Medendon {Ifi) is 0.04 7 
per cubic meter. 

After the completion of the plant experiments, larp* she(*ts of filtei 
paper were suspt*nded in the greenhousi* and kept there for 72 days. 
Although the amount of accumulated dust was small, the iodine 
content of the paper increased 0.5 7 per square foot. This inen*aae 
is equivalent to approximately 60 p. p. b. of iodine. It will be* noted 
that the latter figure is similar in order of magnitude to the iodine 
content of the plants grown in the iodine-fr(*(» solutions. However, 
the greenho use air was not especially contaminat(*d with iodine; in 

f The micrograni (y) is O.OOl me;. 
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fact, it was rclativcl 3 r low in iodine on the basis of our prcs(»nt knowl- 
cdjjc of the normal iodine content of the atmosphere. It then»fore 
n])pears that after the iodine content of the solution is reduced to some 
point below 1 p. p. b., the iodine content'of the air rather than the 
iodine content of the solution may become a limiting factor in the 
])roduclion of plant materials low in iodine. 

Experiments wiih Mic uo-orc.anisms 

An initial <‘\p<‘riment was conducted with repres«‘ntati\e bacterial 
species to find wdiether any of these species had iodine requinments 
large enough to lx* <letected by a simple tcrhniqiie. Species of 
liacillyHy Psevdomonatij EHvhetkfiia^ Phifiomonatt, and Aerobactn on 
r(‘peat(‘(l subculturing in iodine-free iiiverted-su(M‘os(> medium failed 
to exhibit any diminution of growth. Treatments with aclded iodine 
at rates of O.Ol, 0.1, and 1 p. p. ni. were tried as well as the iodine-free 
control. Subculturing was always from iho iodine-free control cul¬ 
ture. Although the calculated origimd iodine <‘ontent of the inediiiin 
aniounled to only a few' ])arts peu* billion, atmospheric contamination 
may have raisi^i tin* io<line le^el somewhat sinc<‘ tlu* preliminary 
trials w'c‘re carried out in a bacteriological laboratory wh(»re the 
atinosphc'ric iodiin* might be expected to b(» relatixi^ly high. 

More int('nsi\e work was carried out on the bacterium AzotohacUr 
agilf^ Asi(h» from tlu* economic importance of the AzotohacUr and 
H'ports of grow'th responsis of Azotobaefn chtoococcum to iodine, the 
u.s(» of this organism permits the use of the morc» readily purified 
ethanol as an energy source and the elimination of nitrates from the 
medium. 

This organism has Ix'en carric‘d for a year by piTiodic subculturing 
in the iodiiu'-free ethanol ini'dium writhout a progressive reduction in 
growth rate or an apparent diminution of maximum turbiditv of the 
cultures. The cultures were kept in a room belie\ed to be unconlam- 
inated by iodiiu*. Since tlu' medium is known to hav(‘ had a maximal 
iodine conci^ntration of the order of O.OOl p. p. b., it seems likely that 
iodine is not (»ssential to the grow'th of AzotobavUr agiU in concen¬ 
trations greater than O.OOl p. p. b. 

T\hll 5 Stimulation of nitrogtn fixation hif Azotobactir agtle in thi pusfnct of 
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Under certain conditions, a stimulation of growth of Azoiobacier 
agile in the presence of added iodides w'as obs(T\e(|. In general, 
growth rate W'as stimulated wdule the maximum turbidity w'as little 
affected. Th<‘ results of a typical expenment are presented in table 
5. Apparently such results are due to the action of iodine on toxic 

* 'I h< oriKiiml (tiltim* of this orRanisni obtainiHl b\ Dr C P Hojsartv from Or W . W. I iiibreit of 

llio I nucisit} of W isronsbi 
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constituents in the medium rather than to an essential nature of iodine 
in the nutrition of the organism. 

Experiments now in progress indicate that iodides antidote the 
toxic action of copper on Azotobacter agile. Thus in the presence of 
1 p. p. m. of copper in the substrate, maximum giwth was achieved 
in the presence of 1 and 10 p. p. m. of iodine before anjr growth was 
apparent in tlu* controls lacking added iodine, although visible growth 
was delayed 3 to 4 weeks in both cases. It has not been established, 
however, that all of the obs(»r\^ed responses to iodine additions are 
due to the antidoting action on copper toxicity, and it is possible* that 
other toxic factors are involved. In this connection, the* work of 
Steinberg {W) is pertinent. He founel that the toxicity eif silve*r to 
AHjnrgillus niger is antap)nize*el to a high ele'gre*e* by ieieliele, less sei by 
breimide, and not at all by chloride. The se)lubilitie*s eif the silve*r 
halides app(*are*el tei be the* impeirtant faedeir. 

The greiwth of a mixe*d culture eif algae* in the ie)eline-fre*e» nie'eiium 
was also atudie*el. Aelelitions of ioeline betwe*e*ii the leve*ls e>f 1 p. p. b. 
and 50 p. p. m. proeluce*el nei apparent e*ffe*ct ein greiwth. 

DISCUSSION 

The ioeline requiivmeiits, if any, of meist jdants must be ve*ry leiw in 
view of the leiw normal ienline content eif plants. The* a\erage ioeline 
contemt of lanel plants usually lie's in the range* e)f 50 te) 200 p. p. b. (IT)), 
The normal range of be)re)n and mangane*se* e‘e)ntenl is abe)ut 1,000 
time*s this. Since 0.5 p. p. m. e)f the*se* e*le*nu*nts in sedutiem e'ultiiivs is 
suffie'ient fe)r normal plant growth, it appeal’s like*ly fre)ni anale)gy that 
an iodine e'oncentratiou of the eirder e)f 1 p. p. b. woulel be aele*(juate. 
Since nutrie'iit solutions pre*pare*d from e)relinury e. p. che*mie*ais ap¬ 
parently have* ieieline conce'iitratiems e)f this e)reler, the Jie*e‘el fe)r nutrie*nt 
solution purification is e»bvie)us. 

The pre'se*ne*e e)f an iodine ce)nte'nt in the* ne>rnuil range in the 
tomatoe's grown in the specially pre*paie*el ieuline*-fre*e sedutieins make*s 
it imp()S3ible to state eh'finitely on the basis e)f the*se e*\pe'rime*nts that 
iodine is not e'ssential to the teumite). To she)W iiTe*futablv that iewliim 
is none'ssential, plant matenal substantially lacking ie>e(ine must be 
grown. 

It is possible that the iodine founel in these plant tissues was de¬ 
rived from the atmosphere. In spite* e>f (he* very hiw ie)eline* e*e)n- 
tent of the air, (he e)bserveel ae*cumulatie)n of ie)eline would be ne) 
more striking than that of e)(her Mibstane*e*s. Fe>r e*\am])h*, if plants 
were able to abse)rb iodine freim air e*ein(aining 0.02 7 |)e‘rcubie* iiie*ter 
in the same re'lative proportion as the*y eh) carbe)n elie)xiele*, this e*e>ulel 
ae*count for an ie)eline contribution of the e)rele*r eif 100 p. p. b. Me)re* 
rigorous proejf of the* nonesse^ntial nature e)f ie)elim* wenilel tbe're'fore 
seem to require the use* of air purilication nnel unusual pre*e*autie)ns 
against incielental contamination. 

The distribution eif ioeline throughout the plant parts w'as fe)unel to 
be fairly uniform at both of the iodine levels inve*stigate'el. Pe*rusal of 
the literature reye*ids that, in ge*ne'ral, fruits, stare»hy peirts, re)ots, and 
ficeels are low'e'st in iodine*. conte*nt, while gre*en parts, e*8j)(*e*iallv le*ave's, 
are richest. It has frequently be*en sugge*siee]‘ that ie)eliiie* fe)flow's the 
transpirational stre*am in plant tissue's. 
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Tbcj ovidoiicc sc'ems cloar that iodine is not ossc^ntiai to Azotohacter 
agihf although stimulations from added iodine may occur as a result 
of other effects on the* environment. It seems possible^ that a similar 
relation may be found to hold for plants. The erratic nature and 
relatively small magnitude of the growth n^sjionses of plants to iodine, 
as well as the lack of specific deficiency symptoms, supports the vitw 
that iodine acts by ameliorating detrinK^ntal asp(‘cts of the environ- 
mc'nt. H(Te also should be* mentioned th(‘ lack of evideiicti of wid(*- 
spn^id crop failure in extnuncJy goiterous regions. 

EFFECTS OF IODINE ADDITION TO SOILS 

EXPERIMENTAL RESULTS 

In accord with th<‘ second line of attack mentioned in the intro¬ 
duction, preliminary fii^ld-plot and greenhouse trials with iodine were 
coiuliicteil on a number of.()r<^gon soils with various crops. Potassium 
iodide additions e(|uivalent to 2 to (i pounds of iodine per acre were 
applied following a (‘oinph'te fertilizer treatment. The iodine was 
ap|)lied in the form of a dilute solution before seeding in tlio case of 
annual plants, and during the early seasonal growth stages in the case 
of penainials. 

Wliih* tli(» r(‘sults from some 40 such trials were largely negative, 
2 soils w'cre subje<*ted to statistically int(»rpretable t«‘sts. Replicated 
pot-cult lire trials witc I'omiucted whh alfalfa (Medlcaifo 
clover (TrifoUum pniUnsf) on Aiken clay loam and i)eschutes sandy 
loam. Tln^ Aiken soil liad given imiications of a nspon^^i^ of alfalfa 
to iodine treatment.® The Deschutes soil came from Deschutes 
(\)unty, Oreg., Adhere (Muhmic goiter in human beings and farm ani¬ 
mals has long been recognized. The soil itself was found to contain 
the low iodini* content of 0.5 p. p. in. 

The data for the first thn‘(* cuttings on each trial are given in table fi. 
The yiidd data for further I'uttings w*tc erratic. F'ive and ten jai-s, 
resp(*<*tively, were useil per treatmcail in tlu» alfalfa and red clover 
trials. Kacli soil rcct*i\(Ml a complete f(»rtilizer triMitinent before 
sei*ding. 

Yiehl increases that seem to be statistically significant were ob- 
faim»d with the Aiken soil only, on the first and second (*uttings. A 
slight rcspons(» was found with the fii’st cutting only on the Deschutes 
soil. It may be noted that for the fii*st cuttings of red (4oyer on both 
soils, and for the first cutting of alfalfa on the Aiken soil, the yield 
respons(‘s are proportionately greater when the green w'eights are con¬ 
sidered; that is, “succulenc(‘” as well as total yield has been increased. 

The crude |)rotein content as w'ell as the yield w'as increased in 
thosi* cases in which ioiline res|)onses were obtainetl. This is of 
inten»st in vii‘w of Ureiu'hley's (d) observation that nontoxic iodine 
dosages fre(|uently increased the nitrogen content of barley and 
leguni(‘s. 

* ('AKLM)N, W'. E. a (ONTlURrTIO.V TO TliK KOI K OF lOOINE IN’ THE NT TKJTIOV OK PERTAIN PLANTS. ^ 
I>p. ('orvullis, Oreg. ('J’lU'Ms. Ortv. Slali- (’ailson fuiiiui the clo.soly related senes to he 

the only one of four Oregon soils m\t»stipateil that resiamded to ))utas.siuiii iodide itddltioiis in prelmiinaij 
trials. The .\iken .soil was taken iroin the .same hilbide as C’arlson's Olympu* soil. I ho samples were 
taken from a \irgiii proflle where eontaiiiiiiniion with .spiay residues was out of the fpiestion. 
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Table 6 —Thr (fffcts of potassium loduU inaJtnHni on yidda of alfalfa and red 
dovtr gtown on Aiken clay loam and Ihschnle^ sandy loam, ds 
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. The plant lodim- content was rolalcd to ihc iodine (icatmcnl 
m the case of Uic Dcschutc'a sod which hail a Iwsal iodine contoiU of 
0.6 p. pm., bu( not in the case of the Aiken aoil w Inch had ihc i clativclv 
high jodinc content of 16 4 p p in The iodine in the lattei soil was 
lareely prisent m the organic matter, as w'as shown liy extraction witli 
solvents that varied m their ability to extract huiinis Tims, a water 
fraction yielded 1 4 p p m «.r 7 pei-cent of the total loiliiie ,n the 

wil, a 2-percent potassium carbonate ext I aetion yielded 7 71 > n m or 

® 1-pprceiit potassium hydroxide extraction vielded 
12.3 p. p. m. or 76 percent. The w ater extract was almost eolorfess, the 
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potassium ciirbonato oxtract was cherry red, while the potassium 
hydroxide (»xtract was veiy chirk in color. 

Th(‘ difference in the ability of th<*se Iwo^soils to retain iodine* was 
also shown by the following leaching exj)<*rimc'nts. Small samples of 
soil which had beem treat(‘d with 1 and 10 p. p. m. of add(‘d iodine weTc 
placc'd in duplicate in small Buchner funne^ls and leach(*d for 2 months 
with small daily additions of distillc*d water. The ivcovc^iy of total 
iodine* from the* De*schut(*s sandy loam was Iti and 4(i pe*rcc*nt for the 
soil sample*s containing 1 and 10 p. p. m., re*spe*ctive»ly, of adde*d iodine; 
for the Aiken clay loam the r(*covei-y W'as O.O, 1.7, and 0.(5 perce*nt for 
the sample's containing 0, l,and l()p. p. m., re*spe*ctively, of added 
iodine. 

In accorel with the re»sults of oth(*r workers, (*arly nontoxic applica¬ 
tions of iodine* to soils did not give the striking incrt*ases in plant iodine 
content that are* i]Ote*d in solution culture* work. The iodine content 
value's obtained are in agre'e*mc'nt with those* summarized by Mc- 
(Menelon (//J). Incidentally, natural w^aters were low' in iodine*, 
although a f(*w de*ep w'ells w'eTc found to (‘ontain as much as (5 to 120 
p. p. b. 

DISC'USSION 

The re'sults of additions of iodine* to Oivgem soils have bt*e'n largely 
ne*gative. We*ll-replicat(*d pot-culture trials w'ith legunie*s on Aike'n 
clay loam have* give*n a small re*spemse te) iexline tr('atme*nt that sec'ins 
to })e statistically significant. The* f(*W' other cas(*s where stimulative 
actions have b('(*n found in pre'lirninary trials must be te'ste'd more 
thoroughly before de*finite state‘me*nts can f)e* made*. 

The* larg(*ly ne*gative ri'sults of iodine fertilization of soils in a 
re'gion of ende'inic goiter support the con(*lusion, based on sedution 
culture trials, that iocline is eithc'r not e'sseuitial in plant nutrition, 
or is recjuiivel in V(*ry minute amounts only. It is concluded that 
bona fide re*sponse*s tei iodine trc'atment are* pi-obably due* to antagon¬ 
istic actions in vic*W’ of the small magnitude and erratic occurrence of 
soil re*spons('s to iodine tri'atments founel by the WTite*!^^ and by e)the'r 
W'orkei*s. 

The stimulation of le*guine yie*lds on Aiken clay loam is particularly 
inte*resting in this e*oniu*ction. The fact that a pe)siti\(' gi'owth re¬ 
sponse* w as obtaiiu*d W’ith low' iodine applications e)n a soil containing 
a relative*ly high iodine conte*nt, although the iodine* conlenf of the 
plant material was not affected b}* the ie)dine tivatment; that the* 
re'sponse was me^st apparent on the first cutting anel was found only 
on the first and se'cond cuttings; that the response was gre*ater on the 
gre'en-weight tlian on the dry-we'ight basis; and that the nitroge'ii 
content W'as increaseel wdieii yield rc'S|)onsc's we*re obfahie'd. all point 
to an indire'ct c'ffe'ct of the iodine, rathe'r than to the re*medying of 
an iodine de*ficie'ncy. . -i j i 

The magnitude of the iodine re'sponse* on the Aike*n soil and the 
evidence* for re'sponse's on other senls are iieM gre'at e'liough to w'arrant. 
hopes of c'conomic returns from iodine fe'rtilization. 

SUMMARY 

The effects produced by the additiem of small amounts of potassium 
iodide to nutrient solutions prepared from c. p. che'inicals anel dis- 
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tilled water have been investigated. Significant incn^ases in yield 
were not obtained with corn, barley, or lettuce grown in these solu¬ 
tions. The iodine content of the plant material was found to bo 
linearly related to the concentration of added iodim* in the solution 
cultures. On the basis of these data and certain assumptions, the 
maximal iodine content of the basal nutrient solutions was calculated 
to be of the order of 1 p. p. b. 

Methods were dev(‘loped for reducing the iodine cont(‘nt of certain 
nutrient chemicals to less than 1 p. p. b. Using such chemicals and 
redistilled water, the writers prepared nutrient solutions having an 
iodine content of tlie order of 0.001 p. j). b. Tomatoes failed to 
give growth responses to iodine additions in these solutions. 

Azoiohacter agile was subcultured at periodic intervals for approxi¬ 
mately 1 year in a 1.1 percent ethanol medium having an iodine 
content of the order of 0.001 p. p. b. without a reduction in the normal 
growth rate. 

Exploratorv pot-culture and field-plot trials on a nuinlxu* of Oregon 
soils with early nontoxic iodine additions have been largely negative. 
A statistically interpridable greenhouse trial on Aikiui clay loam 
showed small responses with alfalfa and red clover on the initial 
cuttings. Iodine may act indirectly ratluT than by remedying a 
deficiency of an I'ssential cdeinent. 
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MEETING THE VITAMIN D REQUIREMENT OF PIGS 
WITH ALFALFA HAY AND WINTER SUNSHINE' 

Hy I). W. JoiiNKON, foniKTly anmnlant anitnal hirnbandman, Divhion of Animal 

and Poultry Ilmhandry, and L. S. Palmbh, agricultural hiochenuHt, Division of 

Agricultural Biochemislry, Minnesota Agricultural Experiment Station 

INTRODUCTION 

It has 1)0011 shown hy tho authors (S)^ tliat pigs roquiro vitamin I) 
ovon whon iwoiving rations liighor in oalcium and phospliorus than 
an* ordinarily rooommond(Hl. Mooting this roquiromont is of prac¬ 
tical importance' and presents a prohh'in under the* usual winte'r- 
fooding conditions in Minnesota, whore rather close confiiu'iuent of 
pigs is necessary during the* winter months. 

It is not generally understeuid that all common jiig feeds, especially 
grains and protein supplements, are completely lacking in vitamin 
I). Because of the importance of this vitamin in the nutrition of 
pigs, furtlu'r experiments were conducted to determine how it may 
he provided and also to find the extent of the pig's need for it, 

MATKRIALS AND METHODS 

In addition to fc'od consumption, weight records, and the gross 
symptoms of tin* pigs, the level of calcium in the blood plasma, from 
single blood sain|)l(‘s obtained from tail blei'ding, was used to deter¬ 
mine the nei'd of tin* pigs for vitamin U. Since alfalfa hay may con¬ 
tain vitamin I) (6*), and is one of the few roughages us(‘d in pig rations, 
it was fed in I'ach of the three* experiments in this investigation. In 
the* first two expt'riments three* hits of hay were use»d, leit I in the 
first e'xpe*rime*nt and lots II and III in the se*ce)nd. At the cemclu- 
siem e)f the'se* two e*\pe*riine'nts the vitamin D conteuit eif the three 
hits e)f hay was de'terinine*d. A feiurth le)t e>f hay for use* in a third 
e'xperinie'nt ^^as alse> assaye*d. This hay was cure*d by e*xpe)sure te) a 
number eif heuirs eif sunlight afipreiximating that give'ii tei hay in the 
usual manne*r e>f curing ein fanus. For this purpeise a small fie*ld eif 
alfalfa was meiwe'el at 10:00 a. m. and the hay was put in storage the 
ne»xt elay at approxiniate'ly 1:00 p. m. During the entire curing peTiexI 
the* weathe*r was e'le*ar, thus pe*rmitting the maximum amount of 
expeisure. 

Quantities of the»se» fenir lots of hay were* assaye*d f(»r vitamin I) 
ac(*e)reling te> the* Vnite*el State's Pharmaco])e)eia XI procedure by 
whie'h it was peissible* to de*termine the appreiximate nunib(*r of Inte*r- 
natiemal Units eif vitamin I) in e'ach lot eif hay. Kachiloge*nic die*t Ne>. 
111411 of Mc(\)llum e*t al. ({) was e*mple)ve'd. The vitamin D conte*nt 
of the four hits of hay, as shown in table 1, was O.lo, 0.119, 1.46, and 
0.86 Inlc'rnatiemal Units per gram. It sheiuld be nole*d that Wallis 
(7) reports 10.46 lnte*rnational Units for alfalfa le*aves and 1.72 feir 

* Km>i\(ul lor luihlicatiou April J, lUll. CniKT No Sciwitifli* Join nil Mmiiosot.i XpriPiil- 

tiirnl Kvpt'iinioiif Mahon 

^ Italic tminhers in paronth 0 '<os rcfiT to liitwaturc ritwi, j» M8. 
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alfalfa stems. The discrepancy between his results and tliosc here 
shown is apparently duo to a difference in healing obtained with tho 
reference oil. 


Tablb 1.— ReniUit of vitamin D aasaya with rota of the diffrrftU lota of alfalfa hay 
fed in the ptg experimetUa 


Materia], le\rl of (eediOR. and (luantitj consunuHi diirInR tho first 
8 das s of the assaj' period 


Standard reforonoo oil. 0 4 Intematiunal Unit daily 
Lot I alfalfa, 20 percent of diet, 1 47 am. aseraao daily mtako 
Ixtt TT alfalfa, 10 iiercent of diet, 0 60 am averaae daily intake 
IaoI 111 alfalfa, 5 percent of diet, 0 34 am averaao daily intake 
Lot IV alfalfa, 10 iHircent of diet, 0 66 gm as eroge daily intake 


Hath 

us«l 

Average* 

Vitamin 1) 

hoaling 
nine It'S!)! 

piT Kum 
Meulatod)' 

Number 

lU 

+2 5 

InUmahmal 

Vmh 

12 

+1 4 

0 !.•» 

n 

+I 7 

W 

0 

+ 1 1 

1 46 

15 

+ 1 5 

.85 


1 Tho nurnerical degrees of healing suggested by Bills et a1 (1) aw followed in interrireting tho line rests. 
^ 1'he calculated s allies are not strictly correct since they were made bv simple proportion as is ciistorimr\. 
It is knm»n that the relut lonship lieta i^en the units of vitamin T> reiH‘i\cd and tho degns' of healing is ciirv i- 
llnoal, and that vitamm 1) units in an unknown may be calciilatisl bv arithiiietical piupoitioii onl> aluii 
the unknown and tho standard refertwe w dl give the same d(*grc>e of healing. 


EXPERIMENT 1 

PRO('EDURE 

In experinioiit 1, beg;un Domnbur 12,1935, throolot^of six pi^st^ich 
wero used. In lot 1 there wtTe one I)uroc-tI(‘rsey, one Poland (liina, 
and four Hampahires. In each of the other t^o lots then* were two 
Poland Chinas and four Duroc-tlerseys. The pi|?s wen* started on 
experiment shortly after weaning aiul wcto fc*d individually twice 
daily. All lots in this experiment, as well as in the e\p(Timt»nts whieh 
follow, were housed in a hog barn and wtTt* not allowed aeei*ss to the 
outside except as called for by the experimc'utal procc'durt* 

The ration fed lot 1 consisted of yellow corn, 80.84 p«»re(»nl; dry- 
rendered tankage, 11.80 percent; sodium chloride, 0.50 percent; bone- 
meal, 0.26 p(»reeiit; limestom*, 0.45 percent; and unimidiated yeast, 
0.15 percent. This ration provhled 0.05 percent of ])hos])horiis and 
1.07 percent of oaleiuin. The pigs receiving it were allowful to become 
rachitic and were then used to test the antirachitic potency of alfalfa. 
Lot 2 received the above-described ration and had aee(»ss to the out¬ 
side at all times. This plan was followed to determine wheth(*r pigs so 
handled would receive enough benefit from winter sunshine to pre¬ 
clude the necessity of adding a vitamin D supplerm'nt to their ration. 
A daily record was kept of tho hours of sunshine and the approxi¬ 
mate amount of lime the pigs spent in their outside lot from the 
beginning of the experiment until its close. The* only change made 
in th<‘ above ration for lot 3 was tho substitution of irradiated yeast 
for unirrndiated yeast; thus this ration served as the control since a 
ration containing 0.16 percent of irradiated yeast had been found bv 
the authors (3) to afford complete protection from rickets. 

RESULTS 

As the body stores of vitamin D became depl(‘t(‘d the average per¬ 
cent of calcium in 100 cc. of blood plasma of five of the pigs in lot 1 
decreased from 10.47 mg. on January 9 to 6.51 mg. on JVbruary 24. 
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On«‘ woc‘k latc»r tlio roinnining pig was bind and showed 6.91 mg. All 
of th(‘B(‘ pigs showed marked reduetion in fe<«4 intake and negligible 
growth or a loss in weight, and two pigs exhibited calcium-deficiency 
tetany. That these symptoms were the result of a vitamin D defi¬ 
ciency was shown by the fact that the plasma calcium of one of the 
pigs manifesting tetany increased from 5.58 mg. to 11.05 mg. in 12 
daj's after the pig had received 4 ounces of U. S. P. cod-liver oil. 
J^irthermore, the pigs in lot 8, tin* control lot, showed no reduction 
in ])lasma calcium and their appetites and growth were excellent. 

Four of the pigs in lot 1 were given lot I alfalfa as I piTcent of their 
ration and the remaining pig, one of tht* two manifesting calcium- 
<lefici(»ncy tetany, was given the alfalfa as 5 percent of its ration. 
However, in order to save the life of this pig 8 ounces of cod-liver oil 
\n‘n‘ administered over a pcTiod of 4 days, aft<*r which it recovered. 
After 16 fec^dings of the ration containing 1 percent of lot I alfalfa, 
the plasma (*alciuin of each of the pigs was lower than before it was 
givc»n. Consecjuently the alfalfa was increased to 5 j)ercent. After 
12 fec‘dings of this ration one of the four pigs had a convulsion; it 
was given 4 ounces of cod-liver oil and removed from the experiment. 
The remaining three pigs received 16 feedings of this ration but sliowed 
no imj)rov4»ment. T1 h‘ alfalfa was then increased to 10 pcTcent of the 
ration. The lack of recovery from 21 feedings of this ration is not 
surprising in vi<‘w of the small amount of vitamin 1) in this hay 
(table* 1). Durifig this period of the <‘xperiment the three pigs, aver¬ 
aging apiHoximately 200 pounds, ate on an average 4.85 pounds of 
f<*<*d p(*r day, and (‘ach th(»refore‘ n*ceived but International Units 
of vitamin I) daily. 

The* pigs in lot 2 receiveel the same ration as those in lot 1, Init in 
s|)ite of having access to an outside lot, they needled more vitamin 
J) during the early part of the exiieriment than they obtained from 
<'xi)osuri‘ to sunlight. This was indicated by the incidence of stiffness 
and slight reductions of plasma calcium in several of the pigs and by 
shn\(*r a\erage growth for the lot as eompared with lot .*1, the pigs in 
tin* latt(*r lot averaging 7.*^ fiounds per pig heavier than those in lot 2. 
This difference*, howt*ver, developed during the firet part of the experi¬ 
ment; during the latter part, Fe'bruarv 6 to March 20, lot 2 gained 
equally as well as lot Ih It is interesting to note that the improve¬ 
ment in grow th of the pigs of lot 2 coincided wdth the perioel of great<*r 
sunshine during which, unless the weather was severe, they spent 
more tiim* outsuh*. 

EXPERIMENT 2 

PKOCBDXTRE 

In ord(*r t«) make a further study of the value of wdnter sunshine in 
(*uring rickets and of alfalfa hay in preventing rickc*ts two lots of six 
pigs each W'ere started on experiment December 21, 19116. The pigs, 
three l)uroc-fIei*s(*ys and three I’oland ('’hinas in each lot, averaged 45 
pounds in wt*ight.* The ration fed to lot 1 for the purpose of testing 
the value of winter simshiin*, consisted of corn, 86 percent; dry- 
rendered tankage, 12 pc*rcent; sodium chloride, 0.50 percent; bonemeal, 
1.0 p(*rcent; and limestone, 0.50 percent. The calcium and plios- 

{ diorus in the ration were 1.05 percent and 0.6J1 percent, respectively. 
jOt 2 received 95 parts of this ration and 5 parts of lot 11 alfalfa meal. 
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The inclusion of the alfalfa did not appiwiablyehunKt' the pereeiitufres 
of ealeium aiul phosphorus in this ration as eoinparetl with that for 
lot 1. Tlie ration for eaeli lot was self-finl. lndi\ idual >\eiphts of the 
pigs and tlie fi'ed eaten by each lot were reeonled at 2-\\eek intervals. 

RESULTS 

The data in table 2 show that in 8 weeks there was a reduet ion in 
the avi'rage ]>lasnin ealeium valm*s of the pigs in lot 1 from Itt.tt.'j nin 
to t5.89 mg. Some of these pigs w*Te laiue, but lameness w'us not 
charaeteristie of all the pigs in this lot. Since it was clearly e\ident 
from the blood pieture that these pigs were rachitic, they were e\pos»‘d 
to the sunlight for 2 weeks, beginning Februaiy Iti. Thi> ex|N>sure 
was limited to the period frtim i0;30 a. m. to 3:30 p. m. Beiuiuse of 
cloudv weather they wen* ex|)o.s«>d for an average of only 1.48 hours 
per day. This tr<‘otnient caused the plasma calcium to increase to 
10.52 mg. (table 2), and this inert'ase was accompanied by a markeil 
improvement in appetite, growth, and appi*arance. Solar irradiation 
was continued for another 2 weeks, which r<*8iiUed in further iinprove- 
ment, although suflScient irradiation may have lK*en giviui during the 
first ^riod to account for the continued improvement. 

Tabus 2.— Caleium in 100 ec. o/ Hood pla»ma of ptgt tu affreird by fxpoionf to 
suMbiof and by dutaiy nupplimcnlit dunng <xp(iin,int 10.10 J7 

Calcium in Klfl cr nf plasma iii lot 1 > ChUiiiiii in KNi ic of pLiMim iii lot 2 


PiR No ’ and 
brtH»d 

h>f>c 21 

1 

Feb r» 

' Mar 1 

Mar 15 

I*IR No ' iiid 
bn*! d 

l)«( 21 

F»b 15 

Mar 1 

Mar 15 


' Afi/fi 

\hiti 


Mtlli 


\!tih 

\/r//f 

\hUi 



1 gramn 

gram^ 

grains 

gramt 

11 5fp 


grams 

grams 

grains 

gramt 

1 1)J 

lUOi 

(• (N) 

10 04 

7 1)J 

II Ot 

10 2i 

II 2(i 

11 2ii 

2 1)J 

10 ‘I'l 

(i 05 

10 (lO 

10 tiO 

h ni 

10 

U 11 

U (Ml 

11 15 

3>1)J 

4 PC 
.5 PC 

0 P(' 

, 10 M) 

(i 01 

0 52 

11 5h 

0 III 

11 <N) 

H 70 

0 K2 

10 U5 

1 " 1 

7 12 

10 40 

11 51 

10 PC’ 

10 l»*» 

10 n 

10 54 

10 71 

11 01 ' 

7 17 

10 74 

11 72 

II PC' 

10 42 

0 fi2 

10 01 

10 05 

1 11 ,U 

0 (M 

11 05 

11 ih 

12 PC’ 

10 0 > 

10 IK 

10 74 

10 05 

Monn 

^ 10 *15 

(• HU 

10 52 

11 40 

Ml an 

10 7t 

0 70 

10 21 

II (Ml 


1 Ex|x>M>d to sunlialit bcKiniiiim l^th l«i 

^ Katum included 1 |N<ncnt of alfalfu irutil For 2 wiM»ks prior to I'eb !'• th< m pm*, n »i\id an a\cnii!c 
of 38 I r of\itanim 1> ]N>r Riiimil fNr dH\ Ironi Fch TitoMiir 1 tin \ rets i\( d isi md frnm Mar 1 it» 
Mar 15, 241 

’ I)J and Pf' sipnif\ Durot Jtrsi > ami rolainl Chinn, nsiNutixiU 

The blood picture ol lot 2 wns iiiucli more favoriible tiiiui lliat of 
lot 1. From December 21 to Februaiy lo tliere wa*^ an a\eraj^e reduc¬ 
tion of only 1.01 nn?. »n the plasma calcium. Altboimli tbeif' was a 
variation union*? the jngs in this rc'^pect tlie plasma (‘alciiim of each 
showed some reduction. It was evident that the lot II alfalfa hay 
furnished enough vitamin D to j?ive some protection from rickets. 
On Feliruary 15 the jii^a averaged 102 pound.s in weight and for the 
2 wrecks prior to that dale had i*eciMved an average ol 88 Inteniational 
Units of vitamin D pei pig per dav. On Februai’v 15 the supply of this 
lot of hay was exhausted and another lot (lot H‘l) was fe<i. fhat this 
hay contained enough vitamin D for the pigs was evident from the 
increase, with the exception of pig 8, in their plasma calcium values 
ill 2 wrecks and a further inci-ease for all the pigs in another 2 wTcks. 
From February 15 to March 1 the pigs recei\ed 183 International 
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lIiiiK of vitamin D doily iwr pig, and from Morcli 1 to Mnrch IT) Ihoy 
ro<*oi\oil 241 Intcriintional Units. In llu* writcix firat investigation (3) 
it was found that irnidiated yeast as 0.10 percent of the ration foiled 
to prevent rickets hut as 0.1.5 (lercent it afforded complete protection. 
Although this yeast was not assayed, according to the manuructurer 
it lu'olmhly contained 000 International Units per gram. Thus, 
approximately 1.700 International Units of vitamin I) per pig j)er day 
\ver<‘ rec|Hired. This discrenancy hetwc'en the amount of vitamin 1> 
ttuiuired by [ligs wlien suijplied in irradiated yeast and when supplie<l 
in alfalfa liay retiuires further stmiv. 

The difference in the appetite <if p^rs in lot I ami lot 2 mid the 
improvement of both in tliis respect after receiving abut was ap¬ 
parently an adequate amount of \itnmin 1) (table S) illustrates the 
importance of meeting the need of pigs for this vitamin. This is true 
even of lot 2 in whi<*h only a slight <leficiency was encountered as 
judged by the small reductions of hlood-plasnia calcium and by the 
total almence of vnsible symptoms of rickets. As expected, the increase 
in feed consumption w'as accompanied by an improvement in growth. 
Ijot 1 gained 54 percent faster during the 2 weeks after exposure to 
the winter sunshine, and lot 2 gained 43 percent faster during the 2 
weeks after the chang(‘ from lot II to lot III alfalfa, than during the 
2 weeks precinling these changes. 

T.\bi b 3. Am rage datlgfred eoruumed iter pig at different times during expet meniS 

lose S7 


Oir 21 i 

Tan 4 

Jan Ih 1 

Feb 1 1 

Ki‘b KV 1 

Mar 1 

Tail 4 ' 

Jan 1H 1 

Fib. 1 

1 

Ffb. lii 1 

Mar 1 1 

Mar 15 

J*nntidn 

IHwiidn 

I^undn 

Pounds , 

Pounds . 

Pound* 

2 hi , 


3 24 , 

3 23 1 

4 4h 

b 21 

2 ‘Hi I 

i Ih i 

A 72 

4 2h 1 

h R2 

7 22 


I J _ _ ' 

> See rootiif)te*> 1 iukI J, taM«> 

EXPERIMKNT 3 

I‘RO«'KnUHK 

III ordrr to ohtnin inon* information on tlir n'cmiroinont of the pig 
for \ilaniiii I), a third i»xp<»riniont was initialed Novrinhrr L'l, 1987. 
Six lots of pigs, av(»rnging 47 pounds in >voight, Avorr iisod f<»r studying 
(I) tho valur of wintiT siinshinr and of alfalfa containing ().S5 of an 
IntcTiiational Tnit of vitamin D per gram (lot IV) in curing rickets 
in pigs, (2) tin* value of this same alfalfa in preventing rickets, and 
(8) the effect of the concentration of calcium and phosphorus m the 
ration on the vitamin I) requirement. Each lot consisted of one 
l)uroc-J(»rsey, two Poland (’hinas, and three Hampshires. However, 
during tin* coiiiw of the experiment one pig was rcniov(*d from lot 1 
and one from lot 8 for failure to eat their food. Records for these 
pigs have been omitt(*d from th^ report of this experiment. 

The p(*rceiitag(*a of calcium and of phosphorus in rations of swriiie 
vary wddely, de])ending upon the protein supplement used. During 
summer feeding, w'hen providing vitamin D is not a problem, similar 
results can be obtained from protein supplements consisting largely 
of soybenn-oil meal or dry-rendered tankage or of meat and bone 
scraps. For young pigs, when the demand for protein is high, the 
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phosphorus ooiitoni of such rations is approximately 0.40 percent, 
0.60 percent, and 1.2 percent, respectively. Since it was desired to 
use rations typical of those used in practice, concentrations of phos¬ 
phorus similar to the above were employed. These rations, shown in 
table 4, which were self-fed to lots 1, 2, and 3, had a phosphorus con¬ 
tent of 0.42 percent, 0.64 percent, and 1.19 iiercent, respectively. 
The calcium-phosphorus ratios were 1.5 for rations I and 2 and 1.6 
for ration 3. Excepting ration 1, the calcium levi'ls were typical of 
those in swine rations employing the protein supph'meiits mentioned 
above. Additional calcium was added to ration 1 in order that the 
calcium-phosphorus ratios in the three rations might he similar. 

Table 4.- Hatwm umA in ex pvt i mini 1Q37 38 


Ration 1 


Ration 2 


Kilt ion 1 


e*oiiipcincnt 

1 

1 Propor 
tioii 

e'oiiiiMinent 

1 Projior 
' tiori 

('oiiiiuineiit 

Piopor- 

(lOIl 


1 

Pei cent 


Pi n tut 


Ptntuf 

Yellovk corn 

7(i (i(> 

VpIIow corn 

T'i 11 1 

^ ellow coin 

70 W 

Soybean oil meal (HO iht 

1 22 00 

Soy ta^an oil meal 04) |m r 

22 JO 

Soy bean oil me.il (Mi pi r 

2* J'i 

ei'nt). tankage (20 {ny 


cent), tiinkaue (iO |my 


(H'nt). tanka.!! (20 pii 


«*ni) 

1 

«nl) 


cent) 


StKliiiin ehloiide 

1 W 

So<litini chloride 

•V) 

^odnini rhiondi 

yo 

Limestone 

1 •'** 

Linnstone 

1 17 

T inii*stoni 

2*) 


I 

Boiieineal 

1 Ml 

Bonini il 

y yo 

1 


Pigs of lots 4 and 5 received the same* rations as lots 1 and 2 e\c(‘pt 
that 5 percent of the ration consisted of lot TV alfalfa hav containing 
0.85 of an International Unit of vitamin I) per gram. This hay was 
cured under ideal conditions. The pigs of lots 4 and 5 were confiiied 
indoors. It should be recalled that in experiment 1 pigs fisl a ration 
containing no vitamin D, but given voluntary accc‘ss to an outside* run¬ 
way, did not receive sufficient exposure* to sunlight eliiring De»ce‘ml)er 
and January; that in experimeuit 2 ri<*ketswus cureel whe*npigs ^e*re 
given ('xposure to winter sunshine; anel that lot III alfalfa, as 5 pe*r- 
cont of the ration, containe'd e*nough vitamin I) (1.46 lnte*rnatioiial 
Units per gram) to nuM't the pigs’ re'C|uire*me*nt fe)r this vitamin. It 
was, the^refore, considere*d desirable to i(M»d the pigs e)f le)t 6, in addition 
to ration 1, lot IV alfalfa hay, anel also to alleiw theun voluutary aere^ss 
to an outside runway. Since alfalfa hay is ceunmemly self-fenl tei hogs 
on farms, this me*ihod of feenling the hav was fe)llowe*el w'ith this lot. 
Feed anel weight ri'cords for the thre*e lots were lakeui at biwTe*kly 
intervals. 

RESULTS 

The calcium analysers of the blood plasma and the fee‘d intake* of 
the pigs in e*xperimenl 3 are shown in table's 5 and 6, re*spe*ctively. 
As was expee*te*el, the calcium content eif the blooel plasma of repiv- 
sentative pigs was normal 1 we*e*k afte*r the Ix'ginning of the* experi- 
me*nt. Alter 8 weeks, on January 11, all of the* pigs in lot 1 e'xcept 
No. 1 anel all in lot 2 exe*ept No. 7 she)W(*el plasma calcium conceuitra¬ 
tion cousidi'rably be*low normal. The two exceptions, litter mate*s, 
were remove'd from their respective Idls on January 13 and given 
ration 1, the low-calcium, low-phosphorus ration which pig No. 1 
had been receiving. Not until r^bruary 7, 12 weeks afte'r the* start 
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of Uit* oxpprimont, was there a reduction in the plasma ealoium of 
these two pigs; namely, to mg. for No. 1 and 9.14 mg. for No. 7. 
These pigs, subjected to (he same preexpprimental treatment as the 
others, presented such a marked contrast to the other 9 pigs in lots 1 
and 2 that th<*re would appear to be important her«litary differences 
tunong pigs iti their requirement for vitamin I). 

Oiie pig in lot 3, No. 18, receiving ration 3, and om* in lot 4, No. 22, 
reci'iving ration 1 sunphuneiited with lot TV alfalfa, also showetl 
slight reductions in plasma cah'ium values at the end of 8 weeks. 
HowevM', when calcium analyses were ne.\t made No. 22 had a plasma 
calcium value of 10.33 mg. on February 4 and No. 18 one of 11.16 
mg. oil Februaiy 7. 

It is int(>resting to note that the higher calcium and phosphorus 
rations hsi to lots 2 and 3 as compared with lot 1 up)>arently reduced 
the rate of utilization of the vitanuii I) stores for the 8 weeks, because 
tlie u\(‘rage plasma calchim value for lot 2 u as 1..I mg. higher than for 
lot 1, and none of the pigs m lot 3 showed an appreciable reduction 
ill this \alue (‘xcept No. 18, as has lieen mentioned. 

TAni.li r> (’atrium in KHI rr. of blood plat>nta of pigs as afftekd bi/ txposuie to 
siin'ihtiit and bi/ dittari/ suppU intnts during rxpmnunl d, 19,17 18 
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> l>i, vr. and 11 signify Oumr Ii'isn, I'otauU China. »n(l HampUilrtf, nsiiectudy 
* Rt*«Mvt»(l basic diet nnl\, but lots 2 and d recei\cd more calcium and plnwphorw tiuin lot 1, me piga 
mMot 2 were exposed to sunlight, lieteinninK Jan Id 
^ Ration include d 5 |H‘rci'Dt of alfalfa lia^ pigs confined indoors 
< Ration included 5 (K>roeut of alfalfa bin, fugs bad acoesb to an outside runi^av. 
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Table 6.— Average daily feed consumed per pig at diffen nl limes during experiment 5, 

1937 38 



Lot No J 

Nov 1ft- 

No\ 30- 

Dec 14 

Dm* 28- 

Jan 11 

Jan 25 

Feb H- 

Feb 22 


No\.30 

J)(r. 14 

Dec 2S 

Jan. 11 

Jun 2*; 

Feb h 

Feb 22 

Mar 1 



Pouiut^ 

Fouiida 

Pouiuia 

Pound* 

Pound* 

Pound* 

Pound* 

Pound* 

1 > 


i m 

3 13 

3 70 

4 02 

3 41 

4 72 



2i 


2 71 

3 12 

3 70 

4 15 

3 04 

4 77 



3 


2 73 

2 (i8 

2 hi 

3 5A 

4 27 

5 UK 

5 03 

5 07 

4 


2 (ifi 

3 10 

3 45 

4 24 1 

4 40 

4 12 





2 HO 

2 011 

2 01 

4 02 I 

3 05 

1 4 (lO 1 




2 H7 

3 34 

3 ft2 

4 37 

4 57 

I 4 ... 1 



1 8o<* Footnotes 1, 3. imd 4. table 5 

i liOt 1 rontinucd until Mnr 1, but fml roetinis tiri> not (U\oii lor additional iMTiods 1 m>(>hiio(‘ (tl (*lianaos in 
ration 

3 Lot 2htop|icd Fob. 1. 

Siiico pigs 2, 2, f), and 6 on ration 1 wore rachitic, it was decided to 
feed thc'Di the alfalfa that lota 4, 5, and G liad been receiving. Accord¬ 
ingly, the hay was 8(>lf-fed beginning January 12, and a l■(‘eord Acas 
kept of its conanmption. By January 2S theu-e was a slight increase 
in the plasma ealeiiiin of three of thisce pigs and a reduction in that of 
the fourth. By February 8, 2G days after the feesling of the bne hacl 
started, during \chich time they ate a (|unntity of hay consisting of 
6.9 percent of their ration, th(> plasma calcium values’ of Nos. ami 
6 were still higher, indicating some benefit from the vitamin I) in the 
hay. Howc'Vct, l)y Februai'y 21 the calcium values for these pigs 
were again lower. Pips .‘1 and G wc*re eontimnsl on this ration utitil 
the close of the experiment on March 1 v it hunt any noticeabb' im¬ 
provement in the rachitic condition. 

The fact that lot .‘I n*ceiving nit ion 8, high in calcium and phos¬ 
phorus, showed no need for vitamin D at the time the attcunpt to bring 
about recovery in lot I by means of alfalfa bav was meeting with 
failure, seemed to indicate that pigs recjuire little if any Ailaiiiin 1) 
when receiving sufficiently bigli concentrations of caleiiim and phos¬ 
phorus in the rations, and that, therefore, it should be possible to 
cure rickets by feeding such a ration. Ac’cordingly, on Keiiriiaiy 8, 
pigs 2 and 5 were given nilioii 2. This did not impnive tlieir con¬ 
dition, which instead, became pi-c^ressively woi-se; No. 2 had to be 
ri'moved fiiim the experiment 1 w’cek lat«*r and by March 1 No. G 
had lost 6 pounds. Since pigs 1 and 7 bail beconii* slightlv rachitie, 
as sliown by reductions of blood-plasma calcium to 9.(55 mg. and 9.14 
mg., respectively, they too were changed to the liigli mineral ration 
on February 8, but the change was without b(>n(*fit as shown by further 
reductions of blood-plasma calcium on February 21 to 8.94*mg. and 
7.28 mg., respectively. Pigs 8 and G W'cre chmigc'd to this ration on 
February 21 and continued on it until the close of the experiment on 
March 1, but the change W'as likcwrise without bemdit. 

In order to test the value of winter sunshine for curing rickets, the 
five pigs in lot 2 were given solar irradiation, beginning on January 13. 
For 14 days they received, on an average, ajiproximately 45 minutes 
of irradiation per day. The reinarkable benefit of this treatment is 
shown by the increase to normal in plasma calcium vahu's on January 
28. The stiffness exhibited by several of tfae pigs also disappean>d. ‘ 

^ The use of the bi^h calcium and phosphorus ration 3 for lot 3 was 
distinctly beneficial in reducing the rate of the utilization of th** body 
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storos of vitamin I). It was not until February 28 that there was any 
evi<Ienee from the plasma ealeium values ol a need for this vitamin. 
At that time there was a reduction of plasnfa calcium in each pig ami 
an average reduction of 1.53 mg. for tiie lot as compared with the 
values on February 7. It is believed that if these j)igs hud been con¬ 
tinued on experiment they would eventually have become as rachitic 
as the pigs in lots 2 and 3. From the standpoint of practical feeding 
it would be more costlv to provide rations as high in calcium and 

1 )hosphorns as ration 3 in order to obviate the need for added vitamin 
1 ) during the months of little sunshine and confinement than to use a 
vitamin 1) supplement. This is suggested by the finding that the 
vitamin I) re(|uirement of pigs can l)e met by forced exi)osure to winter 
sunshine ami by the ivsults with lots 4, 5, and 6, to be discussed later, 
and also by the observation that lot 3 tried to avoid eating the bonemcal 
in the ration by allowing it to scdtle to the bottom of the feeder. 
Ihihstedt (2) has also found that rations unusually high in minerals 
are not comluci\e to the Ixst results with pigs. 

It may be seen from the data in table 5 that lots 4 and 5, wiiich 
received the same rations as lots 1 and 2 excent that 5 percent of 
alfalfa containing of an International Tnit of vitamin I) per gram 
was included, still showed normal plasma calcium values on February 
4, V* weeks after lots 1 and 2 w^< re severely rachitic. The pigs in lot *0 
also showed normal plasma calcium v’alue> at that time. Thsee 
results I'ould be expected in view of the fact that the average hay con- 
sumiition of these pigs was 5.05 percent of their ration and from the 
further fact that they spent sufficient time in their outside rimw^ay to 
re<*eive some exposure to sunshine. In order to facilitate the more 
extensive studies with lots 1 and 2 the last three lots of the experiment 
were discontinued on February 5. 

It is apparent from this exjieriment that pigs require more vitamin 
1) to re<*over from severe ri<*kets than is reepiired to protect them from 
tlu» disease, even wlien their l)odv stores of the vitamin are partially 
elepleleel. It is, therefore, pai ticularly noteworthy that there was such 
a rapiel recoveiy of the pigs in lot 2 as a result of exposuiv to Januaiy 
sunshine. This finding, agiwing with that of Sloan (5) ff)r poultry in 
the vicinity of Ithaca, Y., is of praidical importance in winter swine 
feeding, particularly in view* of the generallv acce]>ted lielief that wdnter 
sunshine is of no value in generating \itainni D in livestock. 

SUMMARY AND CONCLUSION 

The growing pig’s requirement for vitamin D was investigatedy’ith 
fall-farrowed pigs of tlie I)un>c-ffersey, Hampshire, and Polaml C’hina 
Ijreeils in 3 dilferent years. In some of the teats the pigs were allowed 
to become rachitic, as judged by reductions in blood-plasma calciuiii, 
and w^ere then exposed to winter sunshine or w’cre given alfalfa hay. 
In other tests attempts to provide the needed vitamin 1) weiy made 
at the beginning of the experimental perioil by confining the pigs in¬ 
doors ami feeding alfalfa as the aourceof the vitamin or by allowing them 
voluntary access to an outside runway with or without alfalfa hay. 
Four lots of alfalfa hay, all of which were assayed for vitamin U by 
the U. S. P. XI procedure, WTre used. The effect of low, medium, 
and high concentrations of calcium and of phosphorus on the vitamin 
I) reipiirement w^as also studied. 
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i| It was found that rickets was cured in pigs exposed to January 
l^unshine for an average of 45 minutes per pi^ per day for 2 weeks; 
po tests with shorter exposures were made. Similar results were ob- 
ftained in another experiment with pigs exposed to Februaiy sunshine. 
Pigs fed indoors ami allowed voluntaiy access to an outside runway 
did not receive sufficient solar irradiation during December and Jan¬ 
uary. When alfalfa, containing 0.39 of an International Unit of 
vitamin D P<*r ffrawi was fed as 5 percent of the ration the pigs became 
rachitic. This condition was cured by using another alfalfa hay <‘on- 
taining 1.40 International Units per gram as 5 percent of the ration. 
This hay (irovided appixiximately 200 to 250 International Units of 
vitamin D daily per pig. Pigs receiving an alfalfa hay containing 
0.86 of an International Unit per gram, as 5 iiercent of tlie ration, 
did not liecome rachitic, although this hay failed to cure rickets at tliis 
percentage of the ration. Pigs allowed access to an outside runway 
and self-fed this alfalfa ate 5.05 percent of their ration as bay and 
did not liecome rachitic. This lot of hay was cured under ideal con¬ 
ditions, having been mowed in the fort'noon and put in storage the 
afternoon of the next day during which time clear weatlier prevailed. 
The need for vitamin D was found to be inverstdy iiroportional to tlie 
calciiun and phosphorus content of the ration, at the levels fed in 
these experiments. 

Tlie effectiveness of meeting the pig’s reipiirement for vitamin D 
by feeding alfalfa hay and by allowng access to winter sunshine would 
depend, of courst*, upon the extent to w’hich the hay had been exposed 
to sunshine during the curing piwess and upon tlie amount of sun¬ 
shine and the severity of the weather during the w'intcr months. 
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MEIOTIC BEHAVIOR OF PHLEUM PRATENSE, PIILEUM 
SUBULATUM, AND THEIR Fi HYBRID > 

By W. M. MtKKs 

(rf netirtsl, Divmmi of Foiage Cropn and Ihufooes, Bureau of Plant Industry, 

I 'nited States Department of Agriculture 

INTRODUCTION 

Tile somatic chromosomo number 42 bas l)een r('(>orlo(l fur the 
American or “cultivated” timothy (Phleum praielm L.) by (Jre‘j:or ami 
Sansome (4),* by Avciulow (according to Miintzing (ll)),\yy Mtintzing 
(11), ami by Nordenakiuld (18), Since 14- and 28- chromosome species 
of Phleum arc known, Miintzing (11) concluded that the basic number 
of the genus is 7 and tliat P. pratenne is. const'quently, a hexaploid. 
Gregor and Sanaome (^) and Gr(>gor (3) obtained 4 hexaploid plants 
from seed produced on triploid Fj plants of the hybrid Phleum praieme 
(2n = 14) X P. aipinum (2n—28). One of tlu'se plants was cross- 
fertile with hexaploid P. praUnne. On the basis of these results and 
the chromosome behavior in some plants that he considered to be 
derivatives of the hybrid P. praUme (2n — \2) X P. vrntenue (2n = 14), 
Muntzing (11) concluded that hexaploid P. prateiise had thegenomatic 
constitution NNA^XBH, where N, .il, and K were different genom(>s of 
7 chromosomes. This conclusion is further supported by Miint- 
zing's (11) observation of 21 bivalents at metaphase 1 in P'. praieme 
and by Nordenskiiild’s (18) statement that multivalent associations 
were not found in this species. In a later paper, Muntzing and Prak- 
ken (hi) did not exclude the possibility of quadrivalent fonuation 
but stated that stich association was very rare. On the other hand, 
NordcnskiOld (18) reported that 14 bivalents occurr(*d at m(>taphase I 
in hybrids of P. praieme (2?i -42) x; P praieme (2« -14), indicating 
at' least partial homology bctwinm the climmosomes of 2 of the ge¬ 
nomes of hexaploid timothy. This conclusion was supiMirted by the 
ineiotic behavior in (iS-chromosomc plants of P. praieim that ^iunt- 
zing and Prakken (13) obtained fmm twin seedlings. Tlu'se plants 
had each genome reprt'sented 8 times and, as a r(‘SHlt, might have 
been (‘xj)ected to show a considerable frc(pu*ncy of trivalents and a 
total of 21 trivalents and bivalents. Instead, the authors reiwrted that 
trivalents were rare and that the sum of the trivalents and bivalents 
was seldom less than 28. On the basis of these results, they eonclude«l 
that the gcnomatic constitution of P. praUme is ALV*lj..li*l*A., where 
vij and .I 2 are suHiciently lM»mologi>us to permit formation of bivalents 
between climmosomes of the 2 geuonn*8. 

The object of the investigation reixnled in this paper wjas to obtain 
further information relative to the genomatic constitution of hexa¬ 
ploid Phleum praiense and the interspecific relationshiiis in the 
genus Phleum. The w'ork was done at the Unitwl States Regional 
Pasture Research Lalairatory,'* State College, Pa. 

1 KtNYivod for ptibhcalion Janurtr\ 27, IVt]. 

* ItftllP numbers In panmtheses refer fo Literature f'ltetl. ]> f»58 , ^ , 
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MATERIAL AND METHODS 

Panicle'S of a male sterile plant of Phleum prafense were dusted 
with pollen from a plant of P, subulatum (Savi) Asehers. and (Iraebn., 
and tliree seeds were obtained. Alt the seeds germinated, and two 
plants p:rew to maturity. The third plant w^as lost, owing to an acci¬ 
dent of greenhouse culture rather than to any inherent weakness. 
Plants from the clone of the P. prafense parent and from seed produced 
under bag on the P, suhulafum parent were' grown in the greenhouse 
at the same time as the hybrid plants for use in comparative studies. 

Chromosome numbers of the parents and Fi were determined fmin 
parafRn sections of root tips prepared in the same manner as d('scril)ed 
previously for Lolium perenne L. {Ui), For meiotic studi(*s, fresh 
acetocarmine smear slides were prepared from material fixed in acetic 
alcohol. 

EXPERIMENTAL RESULTS 

MEIOSIS IN PHLEUM SUBULATUM 

Determinations from root-tip preparations and from mieros])oro- 
eytes showed that Phleum suhulaium was diploid (2w14). Thirty-six 
spoixieytes at diakinesis and 149 sporoeytt's at nu'taphase I were ex¬ 
amined, and, of these, ISS (98.9) percent had 7 bivalents. In each 
of 2 sporocytes (1.1 percent of those examined) 2 univalents and fi 
bivalents wore found. The total chiasma frequency in 20 spoi-ocytes 
at nietaphase 1 ranged from 10 to 15, with an average of 12.95 per 
sporocyte, or 1.85 per bivalent. The average frequency of terminal 
cliiasmata was 12.5, giving a terrainalization coefficient of 0.9fi. As 
indicated from these data, the majority of bivalents had 2 chiasmata, 
1 in each arm, resulting in ring-shaped bivalents. However, on an 
average, 1.35 bivalents per sporocyte were of the open type, i.e., with 
a single chiasma. A sporocyte at metaphase 1 with 7 ring-shaped 
bivalents is showm in figure 1, B, whih' the sporocyte in figure 1, C, 
has 2 open bivalents. Figure I, -^1, shows a sporocyte at diakinc'sis 
with 7 ring-shaped bivalents. In this sporocyte 1 bivah'iit lies on the 
nucleolus, while the remaining fi are free from it. Since this w^as a 
regular occurrence at diakinesis, it is pn)bable that oidy 1 member of 
the haploid complement hears a nucleolus organizer, although this 
conclusion could not be verified by studies of midpi' 0 ))hase. 

Of 122 spoiwvtes examined at anaphase 1, noiu' showed lagging 
univalents, the* distribution in all cases being 7 chn)mosomes to each 
pole. Likewise, no evidence of chromosome loss w^as found at inter- 
phast,' I. At anaphase II some chromosomes lagged; these werc» left in 
the cytoplasm in one or more cells of 2.47 i}erc('nt of the 202 quartets 
observed. The origin of the lagging univalents at anaphase II was not 
determined. In other species such laggards frequently are daughtc'r 
univalents from chromosomes that had lagged and divided ociuation- 
ally at anaphase i. Although no laggards were observc'd at anaphase 
I in this material, it is possible that examination of a larger number of 
sporocytes would have revealed some lagging univalents. 

^ ^ MEIOSIS IN PHLEUM PRATENSE 

Attempts to study midprophase in Phhurn prafense were only 

f )artially successful. Pairing appeared to be predominantly as biva- 
ents, although occasional exchanges of partners were observed. It 
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Figure 1. -1, niakitiosis in Phleum aubulatum: B, luHaphaso 1 in /'. suhulaiuni 

willi 7 ring-Hliapod hi\alpiits, (\ inetaphase I in P. nubulntinn \sith 2 op<Mi 
l>i\alcMitH; Z), midprophaho in P. pratrnse^ the arrows at n indicating 
niicloohis organizers; c, centromere; and p, iiycnotic knoi)s; K, diakinesis in P. 
prafenite with 21 bivalents; F, diakinef^is in P. pratense showing quadrivalent 
at a; diakinesis in sporoc>le of P. prntentte with H4 chromosomes; P, dia¬ 
kinesis in sporocyte oi P. pratense with 120 chromosoiues. X 850. 
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Figure 2— Mciusis in PhUum praienst X P suhulatuni 1, Mitaphahe I, P, 
adjacent mctaphasc I and anaphase I sporoc\t(s, T, adjacent anaphase I and 
anaphase IT spoiocvtes, D, anapliase 1 with dicentric budge, Kj tdojihahe 
I with dicfiitric bridge and acentric fragment, F, inetaphahe II, G, tclophabe II, 
//, /, y, A', cpiartets X t'SO 


Dec 1 ,1941 Meiotic Behavior oJP. prcctevse and P. mlmlatum 


666 


The data on their frequeney were too limited to permit a determination 
of what proportion of the cfaughter univalents lagged at anaphase II. 

Quartet formation was so irregular that statistieal analysis was not 
possible. Chromatin elumps or mieronuelei were found in all quartets 
(fig. 2, O to K). Some of these chromatin elumps appeared to be single 
daughter univalents, while others apparently consisted of two or more 
univalents that had clumped together. Sporocytes in which tho 
univalents formed a mieinnucleus midway boti^’een the quartet nuclei 
(fig. 2, G) were common. Frequently this ehiDmatin clump had been 
cut in two by the cell wall formation (fig. 2, /), but in other sporocytes 
wall formation was inhibited, resulting in two or three cells instead 
of the normal four. In rare instances one cell of the quartet had a 
normal-appearing nuclcMis not aeeompffinied by mieronuelei or chroma¬ 
tin clumps (fig. K). ^ 

MORPHOLOGY AND FERTILITY 

The parental sp<‘cies used in this study have been described by 
Hitchcock (/)). Except in respect to the following thn^e characteristics, 



FkjURE 3 .1, PhlcuMi praUnse, il, /^ ptaknse X tubulatum, C, P hubulatufn. 

the Fi plants >^ere indistinguishable morphologically fi*om PMenm pro- 
tensf^ as iiiiglit be (*xpected fixim the fact that this parent contributed 21 
of the 2S chi’omosoines. (1) Prior to the initiation of flowc»ring culms the 
hybrid plants had inon» basal leaves than the P, praiense parent (tig. 3), 
but since variability m this cliaracter occurs between pots of the same 
clone under greenhouse conditions, ami since the comparison was be¬ 
tween hybrid plants fwin seed and parental plants from clones, this 
difference may not be significant. (2) The hvbrid plant maintained 
greater leaf gix>wth during and following seed jiroduction than either 
parent. P, pratenne, under both fiehl and greenhouse culture, has 
sparse leaf growth at this stage, while P, Mnbulatvm is.an annual and 
dies as soon as the seed is mature. (3) In the red coloring of the 
glumes and peduncles the hybrids were intermediate between P. 
ptatenHfj which lacked such coloring, and P. suhuhtnm, on which the 
glumes and peduncles were dark red, almost purple. 

The hybrid plants were completely male sterile, as might be expected 
from their meiotie behavior. Young mierospores rarely appeared 
normal, and the antluTs were never observed to dehisee. Three pani¬ 
cles of the hybrid were enclosed under bags for selfing, but no seeds 
were set. iSight other panicles were pollinated with pollen fnim 
normal P. praienHe^ and 27 seeds, an average of 3.38 seeds per panicle, 
were obtained. 
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DISCUSSION 

The bivalent frequency in the hybrid plants could be accounted for 
ill 3 ways: (1) One genome of Pfueum prateme is homologous with 
the genome of l\ mhulatum^ and the otluT 2 genomes of P. pra- 
tense are partially homologous; (2) only partial homology exists be¬ 
tween 1 genome of P, pratense and the genome of P, stibvlatvm, while 
the other 2 genomes of P. pratense are eomplet(*ly homologous; (3) 
only partial homology exists between 1 P. pratense genome and the 
genome of P, svbvlainm as well as between the 2 remaining genomes of 
P, pratense. It is impossible from the data available to determim* 
which of these explanations is the correct one. Somt‘ (*videnc(‘ for tin* 
fii’st is that the maximum number of (|iiadrivalents observed in P, 
pratense was 4, while the maximum number of bivalents in the hybrid 
was 12, or 5 more than would be accounted for by pairing bc'tween 
P, pratense and P. subulatnm chromosomes. 

On the basis of the results reported by Nordenskibld {IS) and 
Muntz.ing and Prakken {13), the second explanation secmis more logi¬ 
cal. However, if the hypothesis of complete homology betwet‘n 
chromosomes of two genome's of Phhum pratense is accc'pted, it is 
necessary to account for the low frequency of quaelrivalent formation 
in normal plants of this specie's. This epit'stiem has bi'e'ii eliscusse'el 
thoroughly by MCintzing anel Prakke*n {IS), Little' further discussion 
is warranted at pre'se'iit e'xce'pt to pemit out that in the plant of /^ 
pratense use'el in this stuely the quaelrivalenl frequency was higher 
and the ediiasma fre'cpiene’y lowe'r than in the material use'el by Noreh'ii- 
ski5ld {18) or bv Muntzing anel Prakken {IS), Obvieuisly, a more e'\- 
tensive stuely of plants of P. pratensf is ele'sirable. 

Miintzing and Prakkeui {13) raiseel the epiestion whether the* ebrome)- 
sennt's of tlie tw^o homologous genome's of Phleum praUnsi normally 
associate as bivalents in particular paii*s or wlu'tlu'r bivalent fonnation 
was at random ame)ng ('ae*h se't e)f four homologue's. (’’ritical e*ytede>gi- 
e*ul evide'iie'e cannot be obtaini'd on this que'stion. On the e)the'r hanel, 
the genetie*al conseejue'iieTS of the two type's e>f pairing will be eliffe're'iit. 
There is, he)we've'r, a paueity of genetical elata for /^ praUnsi, Barker 
anel Ilaye's {!) e)btained 3:1 ratios for ivaction to rust among inbre'el 
progenie'S, anel Preiytchoff (accewding to Horsfall (6*)) obtaine'cl similar 
re'sults. like'wise, Mye'rs anel Chilton (unpublisheel elata), in stiulie*s 
of hybrid peipulatiems'inveilving rust-re'sistant pare'iits, obtaine'el ratios 
of 3:1 in crosses e)f re'sistant X re'sistant, anel ratios eif 1:1 in e*re)ss(‘s of 
re'sistant X susce'ptible plants. Unfe)rtunate'ly, this evide»nce is lu'ga- 
iive, and limitenl negative evide'iice from pi*oge'nie's e)f plants freun 
e)pen-pollinate'el populations is use'le'ss in solving this partie'ular pi'eib- 
h'm, since an allotetraploiel of the constitutie)n A\aia/.i 2 will proeluce 
progenies in the same phenotypic ratios as will an autote'traploiel of 
the coAstitutiem Aaaa. 

The behavior of the univalemts at metaphase' 1 in the hybriel plants 
reporte'el in this paper differs fnim the usual be'havior e)f unpaire'd 
chromosomes. Ace'ording to Darlington {2), Je*nkin anel The)mas (7), 
Lc'van {8), and others, univalents usually lie outsiele of the spinelle at 
" metaphase 1 and either do not congress or do so late'r than the bivale'iits. 
In the Phleum pratense X P- subuktum iijhrid the univalemts we're 
lying in the equatorial plane alemg with the bivale'iits. In this re^spe'ct 
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th(' bohavior rcsomblos that roportod by ijc'vaii (S) for the univalents 
in asyiiaptic AUium amplectens. 

In liis studies of a telocentric chromosome in maize, Rhoades {20) sug¬ 
gested that the univalents that oongressed divided equutionally at ana¬ 
phase I. This conclusion is supported by tlie results olitained by the 
writer. In the hybrid report eel in this jiaper, the univalents had con- 
gressed at metapliase 1, and the average fn^quency of divuling univa¬ 
lents at anaphase I was almost equal to the average number of unpaired 
chi*omosomes at metaphase 1. On the other hand, in Loliiim perenne^ 
Myers {!/)) found a lower frequency of dividing univalents at anaphase 
I than of unpaired chi’omosomes at metaphase 1. In these plants the 
congression of univalents W’as not complete. 

Thc‘ occurrence of two dicentric bridges and acentric fragments at 
anaphase 1 in the hybrid plants indicates that at least two of the biva¬ 
lents were hetei*ozygt)us for an invei*sion. These invereions could have 
been present either in the bivalents resulting from pairing of Phleum 
praUiiKC and P, mbulatam chromosomes or in those resulting fnim 
autosyndi'sis of P. pratenae chromosomes. In either ease the presc^nce 
of inversions do(‘s not necessaril}" represent a phase in the dilferentia- 
tion betwec'ii the two species or between genomes of P. praUvfiv, 
Miintzing (12), Myers and Hill (/6\ 17), Myers (7f5). and 0.stergren 
(10) have reported the common occurn'iiee of plants of normally 
('ifiss-pollinated species that are hetei’ozygous for inversions. It was 
not determined whether or not Ww P^prafeim plant used in this inves¬ 
tigation w as heterozygous for one or more inversions. 

SUMMARY 

% 

Th(» 14 chromosomes of Phleum subulatum normally were associated 
as 7 bivalents at diakinesis and metaphasc* I. In 1.1 percent of the 
sj)oroeytes (1 bivalents j)lus 2 univalents were ])resent. The average 
cliiasma frecpiency at metapliase 1 was 1.85 per bivalent. Anaphase I 
w’as regular, l)ut at anaphase II some lagging univalents occurred, 
resulting in chnunosomes IxMiig left in the cytoplasm in 2.47 percent of 
the quartets. 

Jn Phleum pratense, at diakinesis, 3;i.3 perc(‘nt of the spoi-ocytes 
had 21 bivalents and 2.8 ])ercent had 20 bivalents plus 2 univalents. 
The remaining 03.9 percent had 1 to 3 quadrivalents plus 19 to 15 
bivalents. Four quadrivalents w'ere observed rarely. The cliiasma 
frequency w'as low, and aliout one-half of the bivalents had a chiasina 
in only 1 arm. 

Thehylirid plants {PhUum praienne X P. ftubulahnn) had 28ehi’oino- 
somes. At metapliase I the chromosomal association ranged fi*om 7 
bivalents plus 14 univalents to 12 bivalents plus 4 univalents, averag¬ 
ing 9.43 bivalents and 9.05 univalents per spoi-ocyte. Tlie univalents 
were oriented in a regular manner on the equatorial plane. Lagging 
univalents undergoing equational division w’c»re found in all anaphase 
I sj)on>cytes, the average being 8.9. At metapliase JI a majority 
of the daughter univalents congressed normally but did not divide 
at anaphase II. Ijagganls occurred at anaphase II in all sporocytes, 
resulting in irregular quartet formation. 

\Iorpliologically the hybrid closely resc'mbled Phleum praU nsc. The 
hybrid was completely male sterile, since the anthers did not dehisce, 
but was partially female fertile with P, prateim pollen. 
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GENETIC STUDIES OF VARIEGATION IN SNAP BEANS* 

By B. L. Wadk 

(irnior genetici»t, Divi»ion of Fruit and Vegetable Crope and Dieeaeee, Bureau of 
Plant Industry, hniteel States Department of Agriculture 

INTRODUCTION 

Since Ihc introduction of Wisconsin Refugee and Idaho Refugee 
beans (Plmeohtn mlgariu L.) in 1934 there have been many comments 
concerning variegation in these varieties {/fY ** * and a partial genetic 
(’xplanation of tliis or a related condition (7). The occurrence of 
variegations in certain breeding stocks at the United States Regional 
Vegetable Breeding Laboratory at Charleston, S. C., has mad** it 
iH'ccssaiy to give further attention to the problem of variegation. 


MATERIAL AND METHODS 


In the H])ring of 1930 a variegation occurred in a stock of U. S. No. ,5 
Refugee. This plant was undoubtedly of hybrid origin, because many 
of its characteristics were different from U. S. No. O Refugee, and its 
progc'iiy segregat***! for seed color, pod color (wax and gr«‘en), size 
of p*ids, and plant size. This material, wliich was of value for breed¬ 
ing purposes, w as later used in crosses. 

As Yari(>gation normally does not occur in U. S. No. 5 Refugee, it is 
possible* that tin* variegat(*d plant caim* from a mechanical mixture 
of som<* hybrids derived from cro8s<*8 with strains of Corbett R(*fugce. 
IVisconsin Refug**** and Idaho Refugee, which normally show variega- 
ti*)n, wi're *l<‘riv**(l from cr*)ss('s of Stringh'ss Green Rehig**** with C*)r- 
bett R**fugee, and in many cases the hybrids carrietl by the United 
StMt**s Department of Agriculture at Gr****l**y, (’olo., showed variega¬ 
tion if Corbett R**fug**** was one of the parents. 

The j)ure line of th** variegate*! strain was **rossed recipro**alIy with 
Bhu'k Valentin**, and observations were made in the Fi, F^, F 3 , and 
F 4 g**n*'ration 8 . As previous **xperi**nc** with varii'gation in Corbett 
R**fuge** had shown that it was difficult to **valuate, the experiment 
was set up in such a way as to control variability as mu*‘h *is possible. 
Th** F, and plants w**r** cov**r*'d with ch(***s**cloth at blooming tim** 
to shut out insects, and not**s vrerc tak**n at least thre** times *iuring 
the life of a plant to be sure that the information obtained was accu- 
rat*'. Fi plants were spac**d 3 f*‘et apart in 3-ft)ot rows, Fj s****ds I 
f*)ot apart, and F 3 an*l F 4 se**ds (i incli **8 apart in 3-foot row's. The 
smallest F 3 family consisted of 39 plants and th** average number per 
F 3 and F 4 family was ov**r 60 plants. 


I Rtwixoti for publication Ft‘bruar> 1», IMI. This work was iierfornied under an allotment ln»ni the 
Hiiecinl Research Fund authorlKCd by Title 1 of the Bankhoad-Jones Act of June 

^ Italic niiinliers in parentheses refrr to T4itcratun* (''ited, p. 0tJ9. , 

UUkkison. a. L., and BuRKiioLOha, W. U. canninw bean ni8K\sEs in new'iohk in uaa. I S 
Bur. Plant Indus., Plant Dis. Rptr. 21) 290-291. 1936 IMitneoffraphcd ] 

* HoHhfall, James (I., Bubkholder, W. H , and Reinkino, O A diseases or urkkn RErn.Efc 
BEANS IN NEW YORK IN iii»7. IT* S. Bur. Plant Indiis, Plant nis. Rptr. 21 318-.119. 19b . IMinii'in'raphisJ) 
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All plants wore fiold-grown oxoopt part of thoso grown to study 
th(‘ influonco of onvironmciit on vancgation (see table ;}). The seeds 
for thes(‘ tests were germinated on blotters and transferred to green¬ 
house soil as soon as roots had reached a length of about an inch. 
The plants were spaced 6 inches apart in rows 12 inches wide, iind up 
to blooming time three sets of notes were taken on degree of variega¬ 
tion. In compiling the data the greatest degree of variegation noted 
for a plant was used. 

The variegation discussed herein ranged from verv severe (fig. 1,A) 
to very mild (fig. 1, jK). Variegation rarely occurred in the primary 
leaves, but any trifoliate leaves produced up to blooming time might 
show it. After blooming the variegation tended to become less 
distinct, and only rarely did any leaves produced after blooming show’ 
it. The v(‘ry severe type was not common, but the severe type w^as 
v(‘ry common. The severe type differed from the very severe in 
that normal or nearly normal branches were put out by plants with the 
severe type and they produced normal crops, wduTcas the plants 
labeled very seveie usually died before' any pods w’ere produced. 
In plants w'ith the very severe and severe types the variegation ranged 
from a distinct chimera w'ith eleformity in some leaves to a mild fleck¬ 
ing in other leaves \fig. 1, and B). Plants of the medium, mild, 
and very mild types had one or more variegated leaflets, the variega- 
tion decr<'asing in intensity as shown in figure 1, Tto E, Sometimes 
^consid<'iabl(‘ deformity occurred, but usually only in the fn*st two 
classes. 

In all plantings the two parents were carried as checks. Because 
of the size of families it was not considered desirable to replicate, but 
the parents were ])]anted at random and no effect of field location on 
expression of variegation w'as noticed. 

All ratios W'ere subjected to chi-squan' analysis according to the 
methods of Fisher (/), using Yates’ correction for continuity, and of 
Mather (3), except that in testing for the significance of chi square 
beyond 110 degrees of freedfm the approximation of Wilson and 
Ililferty ((I) was usc'd. (Vmtinuity corrections were applied to all 
ratios having 1 degree* of freedom for chi-square computations, but 
for accumulat(*d chi-s(|uarc values (see tables 1 and 2) uncorrected 
values w’cre added. 

RESULTS 

The Fi plants from the cross of the variegated strain w ith Black 
Valentine and from the reciprocal showed no variegation. The Fi 
plants were so prolific that only two ]>lants were necessary to obtain 
suflTicieiit Vi seed. 

From the F 2 plants 2 sets of results were recorded, Tfrom the cross 
in which the vari(*gate<l strain was us(*d as the f(*male parent (desig- 
nateil line A) aiul the other from the reciprocal (designatc'd line B). 
Both lines segregated in a ratio of approximately 27 normal plants to 

KXeiAN VTOBY LEOEND l-OB FiaCRE 1. 

Fi<jUR£ I.— Typos of variogatiou found under Broking conditions fa\oral>lo for 
the variegated parent: A, Very severe typo; severe tyj>e; C, medium type, 
with very little deformity and most lea\»*s with none; D, mild type; /i, very 
mild type; F, normal (noiivariegated) leaf. 
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37 variogatrd. Table 1 shows the results from the two lines separately 
and in combination. The combined ratio is 293 normal to 369 
variegated plants, with a nonsignificant chi-square value. 

From the plants 220 of line A and 215 of line B were harvested 
for seed from the field as they occurred, without selection. Fnmi 
these were produc(>d 124 and 122 vanegated families of lines A ami 
B, respectively. These 246 families were composed (if all variegated 
plants except for 2 families from line A and 1 from line B, wliich had 
1 or 2 plants each in which variegation could not be iletected. These 
5 plants were progeny-tested and found to be pure for the varii'gated 
condition. 

From the 96 normal F 2 plants of lim* A wen* obtained 5 families 
in which all plants were normal, 25 with a ratio of 3 nonnal to 1 varie¬ 
gated, 40 with a ratio of 9 nonnal to 7 vanegat(*d, and 26 with a ratio 
of 27 normal to 37 variegated. From the 93 normal F^ plants of line 
B were obtained 4 F', families in which all plants were normal, 22 with 
a 3:1 ratio, 38 with a 9 7 ratio, and 29 with a 27 37 ratio Cbi-sqiiare 
tests applied to these data for Imes A and B, singly and combined, 
show no significant deviation from expectation for a 3-fuctor ratio 
of this kind (table 1). 


Table 1 RehiiUh obtained with and F\ proqenits from th( ciobs vaivqai d 
X Black Vakfitine (lint .1) and the nnptocal (htn B) 
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Table 1. —Hesults obtained uith Fi and Fj ’progenies from the cross variegated 
y Black Valentine {line A) and the leciprocal {hne B )—(yonlinuod 

Fj SECmEO \TING PKOUENIKS *» 
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(af iiiinulaled less {lopulation chi square) occur within the lange of S-iHTcent to 9.V}ieic(‘nt nrohabilit}. 
('ontiiiiiitv corn'd ion was aiiplied to chi-siiuaie values with 1 degiie of fieedoiii, but addoil chi-squan' 
values of I decree of freedom each for accuniulatisl chi siiuare are uii(s>rn cted. 

Tlu' Fa sogrogntiiig fnniilios ^lion eomhiiunl for ohi-squaro tests for 
])opiihitioiis slio\^e(l a flefioi(‘iicy of variegated plants, (’’hi square was 
highly signifieant in all east's exeept for the families combined 
for line A (table 1). 

'Flu* accumulated chi-square vahu's for the various families indicate 
that familit's showing like segregations had been combined (table 1 ). 
lleterogenc'ity chi s(|uar(‘s are not shown in the table, but in all cases 
\vht»n they are computt'd by subtracting chi scpiare for the F 3 popula¬ 
tion from the corresponding accumulated chi S((uare the values wf're 
within tlu' rangt* of 5-percen( to 9r)-pfTcent probability. 

As ratios requiring large numbt'rs for satisfactory tf'sts are difricult 
to ^ork with on account of the inability of many plants to set a large 
number of sf'eds, it was decided to give further attention to simpler 
t(‘sts n'quiring smallfT numbers. Theoretically, in inheritance of the 
kind described in this paper there slioulil be three types of variegated 
plants arising in connection with the liA ratios. If two of the same 
type are crossed the Fi plants should all be variegated and there should 
be no sc'gregatioii in the F* generation, wluTcas if two of different types 
ar(‘ crossed the F, plants should be normal and tlie F 2 segregation 
should be 9 normal to 7 variegatcHl. Three types of yiiriegated plants 
as postulated were recovered and testeil in and F 2 . All Fj plants 
were normal. The Fj results are given in table 2 . All the ratios 
show'c'd nonsignificant deficiency of variegated plants, but when lh(» 
population chi square was computed it exceeded the 5 -percent h'vel 
of probability. 

The three variegated types (a, 6 , and c) recoviTed from the 3:1 
ratios were very difficult to distingidsh from each other, but on the 
basis of the most fully variegated plants from each line they w'^ere 
tentatively described. Type a had a yellow tinge, type b was almost 
white in the variegated areas, and type c was intennediate or light 
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yellow. Crosses between these types showed in the 9:7 Fj ratios 
about the same range in amount of variegation as did the 3:1 ratios, 
but on an average the variegation covered a greater amount of leaf 
surface. The three 9:7 types of ratios obtained by crossing a, b, and 
c in all possible combinations were not distinguisliable from each other. 
The 27:37 ratio gave variegated plants with somewhat greater varie¬ 
gation than did the 9:7 ratio. By taking advantage of this fact it 
was possible to distinguish in a preliminary way tin* 3:1, 9:7, and 27:37 
families in F*. By selwting for the most fully variegateil plants in 
families segregating 27:37 it was possible to recover the triple recessive. 
This averaged heavily variegated with a slight yellowish tiiigi*, and 
in crosses with types a, b, and e it always produced a variegated Fi 
and no segpgation in F^. ()n the basis of variegation it could not 
be distinguishisl from the original variegated parent. 
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As the expri'ssion of variigation fluetuatisl so much, it was decided 
to study this under various conditions with selected strains. Suffi¬ 
cient seed of ew’h strain was planUsl to insure at least .’>0 variegated 
plants in plantings made in the field in both (‘arly and late si>ring and 
in the greenhouse. Deformity of leaves was disregarded, and a scale 
of values from 1, with only a trace of variegation, up to 20, with about 
25 perci'iit of the total leaf surface variegated, was used. The parents, 
the recovered triple rect'ssive, Corbett Refugee, and variegated plants 
from 3 lines of 3:1 and from 3 lines of 9:7 were observed. The bwl 
expression of variegation occurred under greenhousi' conditions with 
temperatures between 70° and 80° F.; the next best occurred in the 
field under early-spmg conditions (table 3). Late-spring planting 
in the field resulted in a reduction of the range as well as of the mean. 
Corbett Refugee was observed to lie the most variable in expn'ssion 
of vari(‘gation. In field plantings of Corbett Refugee only about 
25 percent showed yarii'gation, and this was relatively slight. Under 
greenhouse conditions, however, all Corbett Refugee plants were 
variegated, and the mean was very close to the mean of the 3 lines 
carrying double recessives. ' * 
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Table 3 — Variegalum m various typ»R of variegated plants grown in three different 

ermronmetdH 

(Vuru'gation scalf^ of 1 for tract* to ai) for varioRation on about 25 iNTCcnt of leaf surface, 50 \aru>Kated plants 

of each strain] * 


Strain 


iilaeic Valentine 
\ aricftatod (oriKinul (lartmt) 

Line of t>pe a from \ I ratio 
Line of t> IH‘ b from .1 1 ratio 
Line of t>]N* t frum 3 1 ratio 
'1 riple recessive 

\ ancfiated from tf 7 ratio (aX/O 
Variepated from 9 7 ratio (aXt) 

VorieRateil from 9 7 ratio (hXo 
('orlM»tl UefuRee ‘ 

^iRnifieunt ditTen'iiet 

> Data for ('orlxdt Kifuaee are baM>d onlv on plants showing variegation (about 25 innent of plants 
111 fit Itl, HN) jiorouiit of plants in sret'iihnusto 

As over 26,()()() i)lants were observed in tin* F 3 pt^neration aloin*, it 
is n*asonabie to inquire to what extent miselassineations may have 
oeeurred. Table 1 shoves tliat of 1,123 plants of the variepated parent 
line, 2 failed to show variepation, but all the [iropeny uroduetHl from 
these 2 plants were variepated. Of a total of 1,064 Black Valentine 
plants, 1 plant showt'd a slipht loss of chlorophyll suspiciously like 
a mild variepation, but all the offsprinp were normal. If these errors 
tend to balance each other, then there is an (UTor of classification of 
about 0.1 pcTcent, or about 26 plants out of the 26,000 observed. 
Thn'e Fj of 246 variepated families pave 3 nonvariepated plants, 
all of which prodiicinl variepated propeny. Since the 246 families 
involved had approxiniately 15,000 plants, 15 plants would ha\e 
h(»(»n expected to be misclassified on the basis of 0.1 percent. 

No natural crosses were observed except in the F 4 proup of material, 
indicatinp that coverinp Fi and F^ plants with cheesecloth at bloominp 
time had b(‘en effc'ctive in shuttinp out pollen-carryinp insects. 

DISCUSSION 

The variepation reported here fluctuates a preat deal in its expres¬ 
sion, and no reason for this lias been found. Despite this fluctuation, 
it lias been possibh* to arrivf* at a factorial explanation. The normal 
condition is due to the complementaiy action of three dominant 
penes, and the variepation is due to the action of any of three recessive 
penes. 

No evidence has been presented to show tin' relationship of the 
Corbett Refiipee type of variepation to that reported, and attempts to 
make crosses of Corbett Refupee with the variepated types have failed 
in both the preenhouse and the field at Charleston, S. However, 
there is the probability that the variepation found in Corbett Refupee 
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and in U. S. No. 5 Refugoo came originally from the samo source, 
since over a period of years U. S. No. 5 Refugee had not previously 
yielded any variegation, and many lines of beans involving variega¬ 
tions derived from Corbett Refugee crosses were being carried at 
Greeley, Colo., at the time when the U. S. No. 5 Refugee, which latcT 
produced the variegation, was grown there. On many occasions it 
has been observed that crosses between Corbett Refug(‘e and otlu'r 
varieties (notably Stringless Green Refugee and Brittle Wax) have 
given rise to progenies with very distbict variegation. 

Variegations and chimeras have been found to bidiavc* variously in 
genetic studies, many of them being due mon' or Icnss to plasinatic 
inheritance. These conditions have recently been n^viewed by Sirks 
(S) and Jones (£). 

Various seeclsmcui and breeders have reported that variegations 
in lines derived from Corbett Refugee behave pt*culiarly from a 
breeding standpoint and that from lines carrying chimeras they have 
been unable to isolate lines breeding true for the normal nonvari(*gated 
type. If the condition they reported is essentially th(‘ same' as the 
one described in this paper and if they W(‘r(» selecting from an Fj 
segregating population they could have expected only 1 plant out of 
64 to be a pure normal; many of the variegations would have been 
obscured, since seedsmen normally make tln'ir selections 2 or ti wee^ks 
after blooming time, when variegation is vejy difficult to di'tt»ct. 

It is suggested tliat seedsmen working with crosses involving such 
a variegation should make their observations several times during 
the growtli of the plants so as to make sure that tin* plants selected 
do not show any varic^gation at any time. It is also suggested that 
many selections be made, probably a few hundnul rathc^r than a f(‘W 
dozen, in order to make sure that the desin^d normal type is seh^ctcKl. 

CONCLUSIONS AND SUMMARY 

The variegation treated in this paper is due toany one of three reces¬ 
sive factors,whereas the normal condition is due to the comphunentary 
action of three dominant genes giving in Fj u ratio of 27 normal to 
37 variegated for the cross of Black Valentine with the original vaile¬ 
gated strain and the reci[)rocal cross. This was vt^rified from Fi, 
and Fs data as well as from some F4 data for c(‘rtain \ariabl(» Fj 
families. Intercrosses of the three types of variegated obtained from 
F3 families segregating in 11:1 ratios gave nonvariegat(‘d F, plants and 
ratios of 9 normal to 7 variegated in Fj. These' same thri'c' mojio- 
factorial variegated types crossed with tlu' triple recessive' gave all 
variegated in Fi and F2 generations. 

The varie'gation is expressed over a wide range, from only a trace* 
up to a ve'ry severe, semilethal condition. The* range is approximately 
the same for variegated lines due to one, two, or three factors, but the* 
average amount of varie'gation for three factors is more* than for erne' 
e)r two, and the average for two more than for one. The re'lutive orde'r 
re'mained the same unde'r favorable growing conditions in the field, 
under unfavorable conditions in the field, and unde'r favorable growing 
conditions in the gre'enhouse. The best e'xpre'ssion of varie'gation 
was obtained under greenhouse condition^, and the poore'st under un¬ 
favorable growing conditions hi the field. 
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Altogether 062 plants and 436 Fg families were siudiod; the 
180 F 3 segregating families consisted of 11,347 plants. In addition, 
some test crosses of various segregation types and some F, families 
were carried to F 4 . The plants and families were about equally divided 
h(‘tween the cross and its reciprocal. F., population chi squares indi¬ 
cated a significant deficiency of n^cessives in nearly all cases. This is 
to be (‘xpected, since in the very severe form tin* variegated condition 
does not have as great survival value as do the normal plant s. Hetero¬ 
geneity chi-square values indicated that in all cases homogeneous 
populations W(‘r(‘ eombin(‘d for the F 3 chi-square tests. 
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A MOSAIC DISEASE OF PRIMULA OBCONICA AND ITS 

CONTROL' 

By C. M. Tompkins, aMniatant plant paiholagiaU and John T. Middleton, junior 
plant pathologial, California Agricullurajl Experiment Station * 


INTRODUCTION 

A rnosttic disoaso of Primula obconica Ilniicc, grown oxtonsivoly as 
a pottod ornaniontul plant in commorcial groi'nnous(»s in San Fran¬ 
cisco, was fii^sl observed in August 1937. The incidence of the disease 
on very young to older seedling plants ranged from 5 to 25 percent 
and, because infected plants could not be marketed, serious financial 
losses were incurred. 

The n‘sulls of studies on transmission, experimental host range, 
and properties of the virus, as well as control of the disease, arc 
pres«Mit(‘d in this paper. 

REVIEW OF LITERATURE 


That many ^•ultivat(‘d species of the genus Primula are generally 
susce|)tibh» to virus infection is indicated in the literature. In addi¬ 
tion to the mosaic diseases, the aster yellows, curly top, spotted wilt, 
and certain tobacco viruses may cause inf<‘ction. Since this papeu* 
d(‘als ^ith a mosaic disiaise, only pertinent referencevs are listed. 

In Jajian, Fukiislii ({)*^ in 191^2 and Hine) (6) in 1933 recorded the 
occurrence* of a mosaic disease' eui Primula obconica. The latter also 
observc'd a similar eliseaise* on P. dcnticulata Sm. 

Smith (Id) in England, in 1935, de*scribe'd a virus dise'use of the 
mosaic type* on Primula obconica cause'el by cucumber virus 1. Ijatc'r, 
Smith (/{) state*d that Cucumiff 1 some*times caiise'd e*ole>r bre'ak- 
ing of the fle)we*rs and that other spe'cies of Primula were susce'ptible. 
Pucumis virus IB, a strain, induce'el “a pronounced yellow anel gre'cn 
meittling.” 

In (Jermany, LueUigs (7) and Pape (8) de'se*ribed veu-y briefly a 
virus (lise*ase* of Primula obconica without apparesitly e'stablishing the 
ide*ntity of the virus. 

There* are* nume*rous brie*f rc*ferences de*armg with mosaic dise'ase's of 
Primula spp. grewn in givenhouse's anel out of elooi*s, but the* viruses 
were not ide*ntifle*d. In 1920, Anderson et al. (2) me*ntione'd the 
occurrence of a me>saic elisi'ase of Primula sp. in a Pennsylvania gree'ii- 
house, while* Martin* ivcordenl a similar dise'ase affecting se*ve'ral 
hiindre'd plants in a Miediigan giwnhouse which re*sulte*el in a total 
loss to the grower, (Irani (ft) and Yu (10) found meisaic-infected 
primrose's greiwn out of doors, Fla<*hs (S), White (f5), anel Pirone 
(5) also liste*d primrose's as susce'ptible to nmsaic-virus infectiem, but 
it is ne)t clear wiiethe*r the\v refeiTcd to specie's gre>wn in give*nhouse*s 
or in the fic'ld. 
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Tudor oxporimontal conditions, Price (10) succo(»d(»(l roc(Mii*y in 
transforriiip: the alfalfa mosaic virus lo Primula obconka. A dcsciip- 
tion of the symptoms Was not pven. 

SYMPTOMS OF THE DISEASE 

Cliaractorislic symptoms of the mosaic disease' of Primula ohconica 
plants arc' bc'st expn'ssed in ^reenhoiises having a humid atmosphere 



Fiuitre 1. -Symptoms produced by a mosaic virus of Primula oheonien on lea\es 
of healthy P. oheonica plants after mechanical inoculation in the gr(*(Mihousf» 
at (So® to 70® F.: Ay By Early symptoms, consisting of a systemic, yellow-green 
mottle; Cy numerous, small, circular t(3 irregular, raised, dark-green I'slands 
frequently occur between and adjacent to the veins on a mottled background; 
Dy coarse, yellow-gnM‘n mottle on leaf with flat, dark-green islands; Ey a shoe¬ 
string effect is sometimes produced, in addition to mottling and dark-grcMui 
islands; late symptoms, consisting of F, rugosity of the leavevs; f7, //, I cup])itig 
or u))ward rolling of the leave's; J, noninoeulated control (h('althy). 
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and air l(‘mpcralur<'8 ranj'ing from 65° lo 70° F. Although thi* 
discttso may affect young to middle-aged plants, it appears most 
commonly m young iiolled plants (three to five leaves). The first 
symptom consists of a systemic, coarse,'yellow-green mottle of the 
l»‘av(‘s (fig. 1, A, B). With enlargement of the h'uf area, tlie mottle 
becomes more conspicuous, consisting of numerous, ilark-green, circu¬ 
lar to irregular, raised islands (fig. 1, C), ranging in size from a nnu’c 
fleck to 3 to 5 nun. in diameter, which are distributed between and 
adjaciuit to the veins and surrounded by nonraised or flat, light-green 
lo yellow mottled areas (fig. 1, .^1, li). Infrequently, leavi's of some 
infected plants show a coarse mottle with flat isliinds (fig. 1, D). 
(Iccasionally, also, the virus induci's a shoestring t>ffect at or near the 
tip of the leaf (fig. I, /i’). Tlu^e effects are in marked contrast to the 
appearance of a licalthy leaf (fig. 1, J). 



ruiiTUL 2 S\ iiiplom^ prorluml b\ a iiiosuK* \irus uf Ptimula obconica (iii il()v\t>rs 
of hcultlu P obconica iilunts aftor morhanioal inoculafnui in the Kroenliouso 
a1 Vh}° lo 70" F. .1, lif ( \ (\iIor bivakiiig of iltmors iiidirutod b\ irrogular- 
sliapt'd, wliito streaks iiitfTspersed uiiioiig an^iis of iioriiiul ])iginentiition; 7>, 
noninoculated control (liealthv) 

With the ons(»l ol tlie disease*, infected plants show a jreneral cldoro- 
sis, marked stunting, and |i:enerally rujrosity (fijr. 1, P), wdth an up¬ 
ward ciirliii}*: or ciippinji: of the leaves (fij?. 1, //, /).. Sometimes the 

eiippinjj: is so extreim* that lhc» ed^es of the leaf touch each other over 
the midrib. Occasionally the reverse condition holds, in that the 
center of th(‘ leaves bec(»mes arched and the educes curl downward. 
The petioh's and peduncles of infected plants an* j^reatly shortened, 
\vhil(‘ tin* llow(*i*s are usually much reduced in size. Tin* petals show 
a conspicuous color breaking or variegation as indicated bv irregular- 
shap(*d, white streaks int(*rsp(*i-8ed among areas of normal pigm(*nta- 
tion, wdiich are nion* distinct near the base of the petals than at the 
edge (fig. 2, A, B, O, in contrast to the normal, healthy condition 
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(fig. 2, D). The most iiotieooblo color brouking occurs on deep pink 
or lilac flowers, arid frequently the pigments are almost totally de¬ 
stroyed. On lighter shades, it is difnciilt to detect any color change. 
Another symptom is a distinct, coai*ae mottle of the calyx. When 
infected plants reach maturity, they have usually oiify attained 
about one-fourth the normal size and cannot be marketed (fig. 3, A). 



Figure 3~ Symptoms produced hv a mosaic vims of Hnmula ohconica on leave's 
of a healthy P, obconica plant afU'r mechanical inoculation in tin* RreeMiliouso at 
65° to 70° F.: Diseased plant, showing dwarfing, mottling, and upward 

rolling of leaves and dwarfing of flowerb; if, noninocuhited control diealthv) 


MATERIALS AND METHODS 

Naturally infected Primula obconica seedlings were colh»cted in a 
greenhouse in San Francisco, Calif., from which the mosaic* virus used 
in these studies was obtained. The* virus was transfc‘rn»d to healthy 
P. obconica plants, and transfei-s were mad(» at monthly intcu’vals. 
This plant species served also as the standard test plant for virus- 
recovery, virus-property, and insect-transmission studies. 

All inoculations were made in a greenhouse' when' tc'inperaturc's 
ranged from 65® to 70® F. Me<*hanical or juice inoculations were 
made by dusting the leaves with fiOO-mesh, powderc'd carborundum 
{11) and lightly rubbing with absorbent cotton dipped in juice from a 
diseased plant. 


TRANSMISSION 

The incubation period, as determined l)y numerous serial transfer 
of the virus by mechanical inoculation to healthy Primula obconica 
plants, ranged from 16 to 21 days. 

Studies on insect transmission of this disease involved the testing of 
several species of aphids which are knojyn to occur in local green¬ 
houses, including the green peach aphid (Mysutt pernicae Sulzer) 
and the lily aphid {Myzus circumflexus Buckton). Noninfective 
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upliids wore pmnittod to food for 24 to 48 hours on iiifoctod plants 
and woro thon traiisforrod to hoalthy plants. All attompts to trans¬ 
mit tho vims by moans of aphids woro unsuooossful. 

In oxooss of 20,000 Primula ohcouiea soodlin^ (ono to two loaves) 
in flats havo bi'on oxaminod ovor a poriod of 3 yoare for ovid(»neo of 
virus infootion, but with m^gativo rosiilts. It must bo assumod, thoro- 
forc, that tho virus is probably not soed-borno. 

EXPERIMENTAL HOST RANGE 

By moans of moohanioal inooiilalions, tho Primula obeonica mosaic 
virus was transmitted to two spocics within tho same gonus, namoly, 
fairy primrose {P, malacoides Franch.) and Chinesi* primrose (P. 
sintnsis Lindl.) and was later recovered from all infected plants. 
Infection was not obtained on any of the numerous species of plants 
belonging to differont families as indicated by lack of visible symptoms 
on inoculated plants aiid by failure to recover the virus from them 
on healthy P, obeonica plants. Numerous series of inoculations were 
mad(» to Turkish toliacco {Nicoiiana fabacum L.) and A^ glutinosa L. 
with negative results. 

This virus is aiiparontly limited to the gonus from which it was 
originally isolato<i. Sonu'what analogous instances reported within 
ri'cent yi^ars may be cited. According to Ainsworth (Jf), tho green- 
mot th' mosaic of cucumlM»r (cucumber virus 8) and the yellow mosaic 
of cu(‘uinb(T (cucumber virus 4) occur in nature only on cucumber 
and are not transmissilile to solanaceous plants. SeveVin and Freitag 
(1J) succ(‘(‘ded in transferring the western celery mosaic virus only to 
species within the family Fmj)ellifera«». 

No infection was olitained by mechanical inoculation \ritb the 
Primula obeonica mosaic virus in 40 species of plants representing 42 
g(*nera in 2.‘1 families, as follow^s: 

H('p;oiiiacotte: 

Fit)r<)u.s-rfM)t(Mi l)(*fi;oiiia {Begonia semperjforens Link and Otto) var. Fire 
Sea 

Roragiiiacoa*** 

Fcirget-me-not [Myohoits alpe«(nH Schmidt) 

(''aiiipanulnmu^’ 

Cant<Tbury bells {(^inipanula nudtuni L.) 

Car\ (>i)h> llaceai': 

S\\(H*t-williain {Dianthua barbatua L.) 

Chenopodiaceac*: 

Spinach {Spinaria oletacin L.) var Hlooiiisdale 
Comi)ositae 

Romaiiio lettuce (Lactuca t^aiiva L. \ar. longifolia Lam ) 

English danv iBelha penrima L.) 

China-ast<‘r {Calltsfephus chifunsia Nees) var. (bant Hranching White, 
ilt n^bistant 

French marigold ( Tagetea patula Jj.) 

TraiibX aal daih,\ (Oerbera jantesonii Hook.) 

Hybrid cineraria (Senecio cruentm DC.) 

Cruciforae: 

Cliiiiefic cabbage {Brasaica pe-iaai Iiaile>) 

Turnii) (H. rapa L.) var. Purple Top W'hite Globe 

Cabl)age (B, oleracea L. var. capitata !<.) var. Winter Colma 

Cauliflower (B. (fieracea var. hotryth L.) var February 

Radish (Raphanus aativua L.) var. White Icicle -ui i 

Annual stock (Matthiola incana R. Br. var. annm Voss) \ar. Fiery Klockl 
Red 
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Gucurbitaoeao: 

Cucumber (Cucumia aativua L.) var. Arlington White Siiiiu* 

Pumpkin {Cucurbita pepo L. var. condenaa Bailey) var. Ziiccliini 
Kuphort^iaceae: 

CaHtor-bean {Hicinua communis Ti.) 

Oramineae; 

Com (Zca mays L.) var. (golden Bantam 
Legiiminosae; 

Broadbean (Vida faba L.) 

Cowi)ea ( Vigna aincnsia (Turner) Savi) 

Garc leu pea (Piaum sativum L.) var. Alderman 
Lobeliaeeae: 

Lobelia (Lobelia hybrida Hort.) 

Papavcraceae: 

Oriental poppy ^Papave onentale L.) 

Primiilaceae: 

Primula auricula L. 

Cowslip (P. veria L.) 

Floristh’ cvclamen (Cyclamen indicuni L.) 

Poor-man s-weatherglass (Anagallis arvenaia 1^.) 

Ranuneulaceae: 

Candle larkspur (Ddphinum cuUorum Voss) 

Persian buttercup (Hanunculus amahrus L ) 

Poj)pj’’ anemone (Anemone corortaria L.) 

Resedaceae: 

Miguonette (lieseda odoraia L.) 

Rosaeeae: 

Geum chiloense Balb. 

Scroph ulariac(^a(‘: 

Snapdragon (Antirrhinum majus Ti.) 

Pentstenioii or beardtonguc* (PentsUmon barbatus Nutt ) 

Solanaeeae: 

Potato (Solanum tuberosum f..) 

Tomato (Lycopersicum esculnitum Mill. var. vulgatv Bail(‘\; Nar. Karly 
Santa Clara Canii<»r 
Jimsonweed (Datura stramonium L ) 

JTell pepper (Capsicum frutescens L var. grossum Bail(*v) var. California 
W^onder 

Nicotiana qlutinosa L. 

Tobacco (.V. tohacum L.) ^ar. Turkish and White Burl(‘v 
Tro])aeolacea(': 

GardtMi nasturtium (Tropneolum majus L.) 

Umbelliferae. 

Cilery (Ajdum g/aveohns Ij.) var. G(»lden S(‘lf Blanching 
Verbenaceae: 

Garden verbena ^Verbena hybrida Voss) 

Violaceai*: 

Pansy (Viola tricolor L.) 

PROPKRTIES OF THE VIRUS 

The results of pwperty studies of the Primula obconica mosaic 
virus are shown in table 1. Virus samples, consisting of 2 ee. of un¬ 
diluted juice in small, thin-walled test tubes, were used in detenninin^ 
resistance to agin{^ in viivo and inactivation temperature. In deter- 
mininfr the tolerance to dilution, the virus was dilutcnl witli the re¬ 
quired amount of distilled water. Young P. obconica plants w(*re 
then inoculated mechanicullv with the different virus sain])h‘s. 

Samples of the Primula obconica mosaic virus were infectious aflc^r 
24 hours aging in vitro at 22° C., but were inactivated after 4S hours. 
The virus produced infection after heating fpr 10 minutes at 48°, but 
was inactivated at 50°. A dilution tolofancc of 1 to 10 was estab¬ 
lished. In pach of tlie four trials, IG noninoculaied P. obconica plants 
served as controls and they remained healthy. 
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1. Longevity in vitio, inactivation Ivmpemture, and toUtance lo dilution of 
the Primula obconica mosaic vtius 


[4 rnnls made ith li» plants eaeli in a1i instances] 
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DESCRIPTION OF THE PRIMTI-X OHC’ONKW MOSAIC VIRUS 

Tiunsinissthlp b\ iiitTiiaiiieal iiuiculation with carboriindiiiii. Incubation 
norioil It) to 21 (^a^s. Hcsistanoo to aging in \itro between 24 and 48 hours. 
lnaeti\allot! teinperalure between 18® and 50® C for a lO-niiniite exposure. 
'Foleranee to dilution appro\imatel> 1 to 10 Two additional species of Pnmula 
susceptible: P malacoidt h nuil P simu^i't Kxpenniental host range apparently 
confined to this genus 

COMPARISON OF THE PKIMULV OHCONK’X MOSAIC VIRUS WITH 
CERTAIN OTHER VIRUSES 

As previously intuitioiu'd, Smith {IS) has ileseribed a virus disoaM' 
of Pilmula obcohlva in Kiitrlnnd caused by cucumber virus 1. During? 
the course of tlie present studies, parallel s(»ries of inoculations were 
made simultaneously to healthy /*. obconica plants with ordinary 
cucumber mosaic virus supplied by Dr. James Johnson of the Wis¬ 
consin Ajjriculturat Ex|)eriment Station; an undescribed cucumber 
mosaic virus which occurs naturally in (California; celery calico virus 
{IS) ; and the mosaic virus of /*. obconica^ in order to determine wdietber 
the latter virus was similar to or identical with any of the afore- 
mentioiu'd. 

Ordinary cucumber mosaic virus and the uridescribeil CCalifornia 
cucumber mosaic virus readily infected younj; Primula obconica 
plants, both inducing; systemic infection. Symptoms caused by 
cucumber virus 1 consisted of a coarse mottle, with slight, upward 
cupping of the leaves, and a mild type of flower breaking. With the 
western cucumber mosaic virus, a coarse mottle, accompanied by 


■> riit'C!i( uiiiImt and {»S(T\ \iriiM*s vt'H'kmcilv sup|ih'*f1 Iw Drs 11 U C M*\(*iin and J U Fn'ilaj!, 
I)i\ ision of Knt()in(iI(>L'> and CaiftMloloaN, I nnmitx ni (’tlilmmu 
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larpe, irregular-sliapcil, raitwl, dark-green islands, and severe flower 
brcaliing, oeeurred. In neither case were infected plants visibly re¬ 
tarded in growth. No infection resulted from inoculations with the 
celeiy caliex) vims. Considered as to symptoms, there can be little or 
no diflieulty in differentiating between the mosaic virus of P. obeoniea 




Otlusr plants which were tested with the four vini8c*8 include eeleiy, 
cucumber, spinach, tomato, Turkisli tobacco, and Nieotiana glvtinoea. 
Again the Primula obeoniea mosaic virus failiKl to inftvt these plants, 
whereas infection was readily obtaincKl with the other vii’uscs. 

As a result of these tests, it is concluded that the virus described 
in this paper is different from the three viruses with which it has been 
compared an<l the virus of Primula obeoniea described by Smith {IS). 

CONTROL OF THE DISEASE 

Primula obeoniea plants showing mosaic infection were found on 
benches in different pai'ts of the San Francisco greenhouses under 
observation, indicating a spread of the disease by some unknown 
insect vector. Attempts to locate other susceptible greenhouse 
plants which might serve as virus ri'servoirs and aphids which might 
conceivably act as vi'ctors were unsuccessful. 

In order to reduce, if not eliminate, fmther loss to growers as soon 
os possible, careful roguing of disimsc plants was practiced, and the 
greenhouses were fiunigated weekly with nicotine dust. The incidence 
of the disease was quickly redueeil, until at present it is believed that 
the disease has been entirely eradicateil in thes(‘ houses. 

SUMMARY 

A mosaic disease of Primula obeoniea, prevalent in grei'iihouses in 
San Francisco, is described. 

The symptoms of the disease include a prominent h'af mottle, 
consisting of irregular-shaped, dark-green, raised or nonraised islands 
on a light-green to yidlow backgnmnd, with upward curling or cup¬ 
ping of the leaves. Occasionally a shoestring effc'ct is induei'd at or 
near the tip of the leaf. Tlie leaves, flowers, petioles, and peiluneles 
are reduced in size. The petals of infected flowers show a conspicu¬ 
ous color breaking or variegation, while the calyx is mottled. Tsu- 
ally infected plants are severely stunted. 

The Primula obeoniea mosaic virus is readily transmissible by 
juice inoculation, with carborundum. The incubation period ranges 
^m 16 to 21 days. The green peach and lily aphids faih'd to trans¬ 
mit the virus under grecnhousi' conditions. 

The virus retaincul its infectivity after aging for only 24 hours at 
22" C. It is inaetivaU'd by heating for 10 minutes at .lO" and has 
a dilution tolerance of 1 to 10. 

The host range of the Primula obeoniea mosaic virus is limited to 
two additional species within the same genus, namely, P. malacoiden 
and P. sinensis. 

The disease has been eradicated by careful roguing of diseased 
plants and by frequent fumigation of th(> p-eenliouses. 
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RELATION BETWEEN WETTING POWER OF A SPRAY 
AND ITS INITIAL RETENTION BY A FRUIT SURFACE ^ 

By 11. L. CuppLKs 

Chfunst, Ditmion of Infterticide InvvHtigalio7ntf Bureau of Entomology and Plant 
Quarantinef United Staten Department of Agrieutture 

INTRODUCTION 

Tli(‘ wotting power of a spray solution is a \ory important factor 
in its cilicicMicy as a (*onta(‘t poison or as a sloma(‘Ii poison. In tin* 
fi(‘l(l of contact spiay« this has been clearly recojinized bv a number 
of workers (/, S, IIV, who have presented logical explanations of 
their results and of the pliysicoehemi(‘al phenomena involved. In 
earlier papers (iiy /j, 4, 6) the author has summarized some of this 
work and has developed the use of the spn^ading coeflieient on mineral 
oil us a convenient quantitative measure of wetting power. The 
spreading cocfficicMil, S, of an aqueous solution with n'spect to a 
mineral oil is defined by the equation N — 7 b“-“T4—7’ib, where Tj, 
is the surface tension of the oil, 7 a is the surface tension of the acpieous 
solution, and 71 ib is the inlerfaeial tension. 

In the field of stomach poisons and protective fungicide's, which 
function by imams of the deposit that remains after evaporation of 
the li(|uid medium, the factoiN involved have been h'ss clearly r(‘cog- 
nized. Working with oil-emulsion sprays, Smith (10) has found that 
incH'ased amounts of emulsifier produce spravs wduch wel the* surface's 
be'tter but w’hich d(‘posil less oil, and he lias advanced a working 
hypothe'sis to explain this jihenomenon. However, Ins e'xplanation 
doe's not clearly point out, or take into account, the' fact that whe'ii 
lh(' spray mixture' we'ts the' surface poorly a much gre'uter volume 
may be* re'taiiKMl on the* s[)ray(*d surface. This factor alone imiA 
aerount for the' observe'el incre'ase in the' ele'position of inse'cticiele 
when little or nei emulsifier is usc'd. The author (f7) has briefly 
('omme'ule'el e)n the factors involvi'd in the application of spray mix¬ 
ture's of this type anel has pointe'd out that maximum efiicie'iicy may 
be* assoeiateul with re'lative'ly high surface and interfacial tensions,, 
i. e., with a low' spre'ading coe'flicieiit. Kajans and Martin (6*, 7) 
have* re'cently re*porte*d work in this fie*ld, in which the'V have eh'ter- 
mine'd solid-liejuid e'ontae't angle's as a nu'asure of we'tting powe»r. 

State'inents are* oce'asionally made that an e*xce'ss of wette*r cause's 
c'xce'ssiAC run off and a ivdeice'd deposit of inse*cli('idal material em the* 
fruit and foliage, or, conve*rseIy. that the addition of a we'tte'r pro¬ 
duce's bette'r wetting and adhere'uce and an incie'ivsed de'peisit of 
inse'cticielal mate'rial. Obviously, in any given ease many factors 
are involved be'sides the speeific nature of the* surface* to wdiiedi the* 
spray is being applie'd. Such factois include the w’ctting age'iit, the 
influence of otlu'r constituemts of the spray mixture, and the water 
supply. The object of the pri'sent work has be*en to de'termine 
wh('th('r thc're is a definite re'lation betwi'i'ii the we'tting pow’er of 
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the spray mixture, as measured by its spreading cooffieient on mineral 
oil, and*the volume of spray mixture retained by fruit and foliage. 
If so, the problem can possibly be simplified to the consideration of 
but two factors, (1) the surface being sprayed and (2) the spreading 
coeffieient of the spray mixture. 

EXPERIMENTAL METHOD 

The general plan of the experiments was to rotate an apple, whih^ 
spraying it witli a spray solution of known spreading coefficient, 
until run-off commenced, and then to determine the volume of the 
spray solution retained on the apple. Variation in wetting power 
was produce‘d by the addition of different amounts of a wetting 
agent, and the ^reading coefficients were determined as previously 
described (/>). Two series of tests were made in which two distinct 
methods for determining the volume of retained spray solution wen* 
us<‘d. An interval of several months separat(*d the two series. As 
tl»e spreading coefficient associated with a definite retention would 
be expected to vary ^^ith the type of fruit, its maturity, and possibly 
other factors, these experiments are regarded as illustrative* only. 

For rotating the apple during the* spraying the stem was ti(*el to a 
siring droppe'd from the ve*rlical shaft of a variable-spee*d labeiratory 
stirrer, which >\as operatenl at about iU) re*\olutions pe»r minute*. 
The spray solutiein was applienl with a small lacquer-spraying nozzle 
attached to the laboratory air supply, which was kept at a constant 
distance from the apple and w’as manipulate*el in as ne*arly uniform 
a manner as possible*. The spray thus i)roduee*el was a rather fine* 
mist, and it is possible that a coarse, elriving spray w'oulel gi\e* some*- 
what different r(*sults. 

TESTS WITH SPRAYS CONTAINING SODIUM BICARBONATE AND 

WETTING AGENT 

In the first se*ries <)f tests the spray liquid w^as a solution of sodium 
bicarbonate, approximately N/2, containing varying amounts of a 
wetting ag(*nt (No. 1). Measurements were niade of the surface 
tension and the hpre*admg coefficient on mineral oil of most of the* 
spray solutions. With the apple rotating, spraying was be*gnn anel 
continue'd until a distinct run-off occurred. Spraying was the*n elis- 
continued, rotation of the apple stoppt*d, and the sprav solution 
retained by the apple was quickly waslu*d into a beaker with dis¬ 
tilled w’^aler. The sodium bicarbonate* thus recove*re*d from the aiiple 
was titrated with standard hydrochloric acid, me*thyl orange be*ing 
use*d as indicator. 

The titer of the spray mixture being known, a simple calculation 
gave the volume*, of spray solution re»tainoel by the* apple, upon the 
assumption tha t tlu're was no concentration of the solutiem by evapora¬ 
tion. Ea(‘h of the uncorrected values thus obtaineel w as multii>lie*d 
by the constant factor 0.55, to make an appimimate corroc<ie)n for 
the increase in concentration of the solution elue to evaporation eluring 
the spraying process. This factor was detennined by weighing the 
apple before and after spraying with a mixture containing no whetting 
agent and comparing the volume of reigned spray thus found with 
the volume found by titration. 
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Tahlo 1 ami figuie 1 present the ri^sults of these evpeiunents, 
togethei with the ealeulateil values of the lelativc letention, which 
IS heie defined as the latio of the vohinie of sptay letaincd to the 
volume letained when the spiay liquid is distilled watei. 

Table 1 Vanatton of witting propitlteH and initial riUntion with the conci ntialion 
oj wetter Ao 1 in an approximately W/J mluixon of sodium IncarhoiuUi 
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TESTS WITH SPRAYS CONTAINING DISTILLED WATER AND 
WETTING AGENT 

In the second senes of tests the spniy mixture (ontuim^d no sodium 
liKniboiuite, and simply an aqueous solution ol a wetlmj? airent 
(No 2) These expelunenls ^^ele smulai to those of the fust senes 
except that a difteienl method ^\as used foi det(*iminin^ the xolume of 
spiay solution letained h^ the apple Tin* method used Inie was to 
i(*moxe mechaiiKally and (oIl(*ct the letained liquid hy quickly 
absoihmjj; it into a tuft ol ahsoibent cotton, the cotton Inin^ weighed 
in a glass-sfoppeieci containcu Iwloie and after adsoiption of the 
li(|uid 

These result'^ are piesenicd m table 2 and figure 1, toaethei with 
values of the relative letention, as explained above 

Table 2 —Variation of witting piopirtiis and initial ritintton uith thi concenlta- 
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Tho curves presented in fi|?ure 1 indicate that there is a close 
relationship between the spreading coefficient and the relative reten¬ 
tion. Tlie curve for series 1 shows that a relative retention of 0.50 
is obtaiiK^i when tin* concentration of wetter is 35 gin. (antiiog of 
1.54) per cubic meter. The cui've for aeries 2 shows tlie same relative 
retention at a concentration of 1,050 gm. (antiiog of 3.02) pc^r cubic 
metcT. Thus, for the same relative ret(»ntion tlie concentration of 
wetting agent is 30 times as great in series 2 as in series 1 . At tlie 
same concentrations the corresponding spreading cmJficienls are 
— S and —9. These values agree well, considering th<» nature of th(‘ 
ex])eriments and the time interval separating the t>^o aeries. 



CONCENTRATION OF WETTER 
(LOG OF GRAMS PER CUBIC METER) 


Fk.ork 1. —Wcttiiiff properties ab relatcMl to the concentration of ^^ettln^ agents 

in Hprav hulutioiib. 


Ill figures 2 the values of relative retention are plotted against the 
value's of spreading coeflici(»nt, and a line has been drawn through tlie 
points by inspection. The points repivsenting serh's 1 lie ratlp'r con¬ 
sistently higher than the points representing seri('s 2, and this dc'via- 
tion may possibly be significant. The d('viation may b<' du(‘ to a 
diff('rence in the character of the fruit surfaces used in the tivo series, 
or it may bo simply a manifestation of the fact that the spreading 
coefficient is not a perfect UK'asuro of wetting power. Howevc'r, all 
the points considered together show a good correlation between rela¬ 
tive retention and spreading coefficient; it e., the lower the spn^ading 
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2 Si)rc*a(iing cocHidoiit as related to the initial retention of spiay 
8 ohltioll^. 

coefficient the greater the volume of spray retained. A similar cor¬ 
relation may be expected to occur in the case of other fruit and foliage 
surfac(‘s. It is suggested that the spreading coeflieicuit on a refeu'enee 
mineral oil may be used as a practical immsure of the wetting proper- 
ti(‘s of acpieous s])ray solutions. 

SUMMARY 

The relation between the wetting turner «)f a spray mixture and its 
j'ctenlion on the spj*ay(*d surface has been investigated by s])raying 
a rotating apple with spray solutions of varying wetting pow(‘r, as 
measured by their spreading coefficients on mineral oil, and deter¬ 
mining the retention of spray mixture at the point of run-off. Plots 
of the sprcaiding coefficients against the corresponding retentions of 
spray mixture show that there is a close relationship beiw(»(*n these 
values. 
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FACTORS AFFECTING THE GERMINATION OF SUGAR- 
BEET AND OTHER SEEDS, WITH SPECIAL REFERENCE 
TO THE TOXIC EFFECTS OF AMMONIA' 

Ky Myron Stout, atttnstant phyttiologut, and Bion Tulman, aitsistanl agronofMiat, 
IHvisum of Sugar PlatU Ivveatigatiom, Bureau of Plant Imlustry, United Siatee 
Department of Agriculture * 


INTRODUCTION 

Thu presenou in flugar-boot sued balls of watur-soliibio substaiicos 
that produce a toxic effect on germinating seed has been shown in a 
previous publication (25).'^ In (he present report the nature of the 
toxic action is analyzecl and the effects of osmotic pressure and 
of hydrogen-ion concentration are evaluat(‘d. Evidence* is pres(*nted 
that free ammonia, released during germination from nitrogenous com¬ 
pounds in the water extracts of the seed balls is an important and 
significant factor in germination inhibition and that this free ammonia 
produces toxic effects wheJi sugar-beet s(*ed is germinated in the 
presence* of the* se*e*el-ball e'xtracts. 


REVIEW OF LITERATURE 


Extensive work has b('e»n reported on the factors affecting the germi¬ 
nation of se»<*ds of fl(*shy fruits wh(*ii placed on a substratum moislened 
with the fruit juice. Accoreling to Reinhard (1H), Molisch was the 
first to expre*as the opinion that the retarele'd germination was caused 
l)y inhibiting substajic(*s. The opinion was later support(*el by ()ppe*n- 
heime*r (14j Fukaki (6*), anel Reinhard (18). ()p[)e*jiheimc*r sug- 
geste*d that the inhibitory substance»s are colloidal and that the*y act 
as “negative catalysts'* influenciim ivspiratory proc(»sses. Kocke- 
mann 09) describe*d inhibitory substances, found in various fh'shy 
fruits, that were* soluble in water and in ether and were he*at-r('sistant 
but were elestroye*d by pe*roxide and alkali. Reinhard (18), working 
with tomato juice, found inhibiting substances that were* water- 
solulde and heat-resistant l)ut were not elestroyed by neutralization. 

Osmotic pressure of fruit juices has been cousidereel by some* wwkers 
a factor in the inhibitiein of g(*rinination. ()pp('nlH*imer ( 14 . 1*^) and 
Fukaki (6*) stat(*d that the inhibitory action of substances in tomatot*s 
is some*thing in aeldition to osmotic e'ffcct because boiling the juice 
increas(*d the osmotic pressure while it reduced the inhibiteiry action. 
Rece*ntly, Litvinov (12) stat(*d that the (*sscntial cause of the inhibiting 
effects of fruit juicers is osmotic pr(*ssure anel that only slight inhibition 
is lrac(*able to ape*cific organic substance*s. This conclusie)n is similar 
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to that of Laviollc {10), who atatod that seeds in all fleshy fniits 
remain dormant because of the osmotic pressure of their juices, which 
may vary from 5 atmospheres in tomatoes to 20 atmospheres in 
gr^es. 

OUier obsi^rvations pertinent to the studios hero reported may be 
note<). Axentjev (?) reported that the inhibiting action of seed ex¬ 
tracts is not dependent upon fluorescence. He stated tliat the action 
of Phacflia seed extract was not specific but that it inhibited the ger¬ 
mination of some seeds and stimulated that of others. Mosheov (IS) 
reported the presence in wheat of germination-inhibiting substances 
that were heat-labile and were most effective in light. Ijelunann (11) 
found substances liaving similar properties in the hulls of buckwheat. 
On Uie basis of i(‘st8 with the seetls of Vaccaria pyramidata, Boiriss (5) 
concluded that the increased germination of st'cds planted in soil was 
not due to any stimulative effect of the soil but rather to the rc'moval 
of inhibitory substances from the seed by adsorption. Shuck (SO, 21) 
reported inliibitory substances, produceci by germinating lettuce seed, 
that were water-soluble and pmbably a metabolic byproduct. Borth- 
wick aiul Robbins (4) pointed oiit the possibility that then* are 
deleterious products of metabolism in the (mdosperm or embryo of 
lettuce seed, arising and possibly accumulating only at higher tem¬ 
peratures, and that, when other paiis are remove<l, the naked hdtuce 
embryo germinatra at these higher temp(*rature8. Thompson (22) 
and Thompson and Kosjir (23) found soaking and di'^ing, both at low 
temperatures, and soaking in certain chemical solutions to be effec- 
tiye in breaking the dormancy of lettuce seeds. 

MATERIALS AND METHODS 

The sugar-beet {B(ta mlgarin L.) seed balls used in these studies as 
sources of extracts were principally of t'wo varieti<*8, 68 and XT. S, 12. 
Only one seed lot of yariety 68 was available. Previous studi(>8 ha»l 
shown this seed lot to be a heavy carrier of subslanct's that resulted 
in a toxic effect on germination. The following four lots of seed balls 
of U. S. 12 were used; these were grown under widely different con¬ 
ditions and varied greatly in chemical composition. 

U. 8.12-A.—Normal soil. Hurricane, Utah, 1936 crop. This seed lot was very 
low in material toxic to germinatiuK seedi,. 

IT. S. 12 B.—Alkali soil, St. Georj^, Utah, 1938 crop. Grown on soil showing 
considerable white alkali but with fairly good plant survival. 

U. 8. 12-C.— Extreme alkali soil, St. George, Utah, 1938 crop. Grown on the 
same field as U. 8. 12-B, but in areas where, owing to high alkali content, only a 
few plants survived and produced seed. 

U. 8. 12-D.—Normal soil, Moab, Utah, 1938 crop. Owing to insect damage or 
some other environmental influence, most plants producing this lot of seed reverted 
to vegetative type of growth during the period when seed normally sets and 
matures. Viability of the seed was very poor. 

Two samples of lettuce seed of the Grand Rapids variety were ob¬ 
tained from T. W. Wliitaker.* Other kinds of st'cd such as tomato, 
radish, cantaloup, cucumber, etc., were obtained from a commercial 
seed store in Salt Lake City, Utah. These are listed in the various 
tables. 

* Geneticist* Division of Fruit and Veitetablo Crops and Diseases, Bureau of Plant Industry, P. S. De¬ 
partment of Aftriculture, stationed at La Jolla, Calif. 
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The relative toxicity or gerniinatioii-inhibiling propertii'F of the ex¬ 
tracts or solutions tested were measured by their ability to decrease 
geraiination percentages under standardized conditions/ 

A distinction is sometimes necessaiy between toxicity and inhibition 
of germination because certain factors, such as liigh osmotic pressure, 
may inhibit germination without resulting in a toxic effert. 

The term ‘‘toxic substances^* as used throughout this re'port is not 
limited in meaning to actual sub¬ 


stance's that are toxic to germinating 
serds or plants, but also re'fers to sub¬ 
stances that may not be toxic them- 
selve's but from whiedi the toxic agent 
is produceel during the coui*se of seen! 
germination. For examjde, dilute 
solutions of asparagin allowe'el germi¬ 
nation to proceed normally for about 
48 to 72 hours be'fore sufficic'iit am- 
memia ^as rede^aseel to stop fui*ther 
growth and actually kill the plants. 

The' see'd-ball e'xtracts were pre- 
parenl bv soaking quantitic's of air-dry 
see'd balls in five times their weight of 
distille'el water for 20 hours, and filter¬ 
ing. Toxicity was determine'd by 
germinating nake'd sugar-beet serds 
on thin e'otton substrata in 3'^-inch 
Pe'tri dishes moisteme'd with 9 ml. of 
the solution being tested. Varie'ty 
68 was the' source of all nake'el sugar- 
beet seeds usi'el in the te'sts. 

Osmotic pre'ssure me'asurements 
we're made by the cryoseopic method, 
using an air-jacketed sample tube 
and Beckmann difTerential ther¬ 
mometer. A glass-elect roele' pH me¬ 
ter was used in making all |)H meas¬ 
urements. Where the pi I of ex¬ 
tracts or solutions from germination 
dishe'S was detennine'd, the sample 
was obtained by folding the cotton 
substratum on which the seeds were 



Figure 1. —One unit of ammonia 
ab})iration apparatus, a, Aspiration 
tube; l)ulb blown for larger samplcb 
and to help n'diice foaming. 
hf Absorption tube; sintered glass 
disk in delner}’ tube and two drops 
of n-but>l alcohol used in solution 
to insure complete absorption of 
ammonia. 


placed and pressing out the excess solution. 

The nitrogen fractions (free ammonia,^ combined ammonium salts, 
and amide nitrogen) were determined by aspirating into boric acid 
and measuring the conductivity of the solution as outlined by 
Hendricks et al. (7). The aspiration and absorption apparatus was 
patterned somewhat after that outlined by Sessions and Shive (19). 
One unit is shown in figure 1. A bank of 12 units with acci'ssoiy 
equipment is shown in figure 2. 


»The term “ITdo rnnmonia" as UM*d In the present report refers to that ammonia which ran be asplrat^ 
from a solution without addition ot alkaline reaaent Combined ammonium nitrogen refen* to addi¬ 
tional ammonia released ftrom its salts by a suitable alkidlne reagent. This distinction was made in the 
present instance oven though “free ammonia" has sometime i been used in the iiteratuK to Indicate ammonia 
derived from the decompositions of all ammonium salts. The authors consider the latter usage clearly a 
misnomer. 
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The 7A-butyl alcohol and aiiiiered glass disks in delivery tubes insured 
<K)mplete absolution, while the warm-water bath and reduced pressure 
very greatly suortene<l th<» time necc^ssary for eompl<*te removal of 
ammonia from the sample. No appreciate pluisphate was jjresent 
in the samples; therefore, magnesium oxide was used as the alkaline 
reagent. This was done to keep the volume of solution to a minimum 
for amide nitrogen determination. 

The procedure was as follows: 15 ml. of 0.4 molar boric acid solution 
and 2 drops of ?/-butyl alcohol were added to (‘scIi absorption tube, 
and the stopper was pr(*ssed firmly in place; 10 ml. of th(» solution 
to be analyzed and a drop of mineral oil (to prevent foaming) were 
added to ihe sample tubes, the rubber tubes were (*onn(‘cted, and 
aspiration was started. All analyses w(*re run in duplicatt* or trip¬ 
licate. Duplicates usually agrecKl Mrithin 0.02 mg. of nitrogen. After 



Fiourh 2.—Tvtclve units of the ammonia ahj)irati()n apj)aratus >vith acces«or\ 
(Hpiipment. a, Suction trap with Bunsen ^alve. h, Hot-water ))alh for aspira¬ 
tion tu))eR made from 3-inch galvanimi-iron pi])e, shghtl> flattened on sides; 
vented outlet bent down inside to reimne water fioin tlie bottom of bath, 
r, Air-Rcrubl)cr bottles: stopcock for adjusting air intake wdien operating und(‘r 
reduced pressure, d, Hot-water heating coil. Small constant-le\el fin'd tank 
not shown. Note defith of fine bubbles in absor])tion tubes. 

aspiration the tubes w'ere disconnected, starting from the end opposite 
to that at which suction w^as applied. Suction was decreasi'd grad¬ 
ually as the tubes were disconnected. The contents of lh(‘ ubsoiption 
tube was made up to 100 ml. thoroughly mi.xisl, and tlie conductivity 
determined. The nilrogiMi value was read fixiin graphs ])repared 
from conductivily values obtained by adding a known (piantily of 
ammonia to 15 ml. of boric acid and sufficient distilled water to 
make JOO ml. Tlie plotted curves were nearly straight lines. (Com¬ 
bined ammonium nitrogen was (hdermined by adding a small excTSs of 
diy magnesium oxide (M^)) to the sample tube and aspirating into 
fresh boric acid. The acid hydrolysis w’^ith lO-perccuit sulfuric acid, 
described by Orcutt and Wilson (f&), was einploy<»d for amide nitro¬ 
gen. After hydrolysis the samph's w(»n» rinsed back into tin' original 
sample tubes and a predetermined amount of strong sodium hydroxide 
(NaOH), sufficient to nearly neutralize tin* acid, was addl'd ilown the 
side of the tube by mi'ans of a pipette. A drop of mineral oil, a drop 
of phenolphtbalcin indicator, and an excess of magnesium oxide 
was added, the flask was immediately closed, and the aspiration was 
started. Ri'sidual nitrogen was determined on the same sample by 
the Gunning method for organic and ammoniacal nitrogen, wdth 
0.04 N acid and base. 
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EXPERIMENTAL WORK AND RESULTS 

SOME CHEMICAL AND PHYSICAL PROPERTIES OF SITQAR-BEBT SEED-BAIJ. EXTRACTS 

Wator-solublo extracts fi*om siipir-bci't sihhI balls of different 
varieties and from different seed lota of the sam(‘ variety varied rather 
widely in color. The color of fresh extracts nsiially ranged from amber 
to dark brown. 

All ('xtracts became darker on exposure to the air and darkened 
rapidly when alkali was added. Normal color was restored upon the 
addition of exc(‘ss acid. Tin* c^xtracts ttimed veiy dark when ferric 
chloride was added to them, and a white precipitate was formt'd with 
stannous chloride, gelatin, or lead acetate. A voluminous precipitate 
of gums and pet'tins was obtained when 95-])ercent alcohol was added 
to the concentrated extract. The extracts readily reduced potassium 
pennanganate. Many of the above teals indicated the presenct* of 
tannins and gums. Gmnination tests, howc*ver, on pun* solutions 
of tannic acid, gum arabic, etc., indicated that the amounts presemt 
could not be responsibh* for any appreciable d(*gre(» of toxicity. 

Determinations of tin* heavy metals by means of the dropping 
mercuiT electrode showed copper, lead, and zinc to lx* loo low to 
cause injuiy. 

The fact that the toxicity of the water-soluble extract is due to 
heat-stable, colloidal, organic matter was indicated by the following 
t(»sts: The toxicity of the water-soluble extract was r(*du(*ed when tin* 
extract w’as filtered tlirough one-half of an inch of dia1oniac(*ous 
earth, and it w'as still further reduced when carbon black was use<I 
with the diatomacc'ous earth. The toxic nature of the <‘.vtracl was 
not aff(‘cted by high temperature. Table I shows a comparison of the 
toxic (*ffect of untreated seed-ball extract with that of an extract wdiich 
had IxM'ii steamed for 30 minutes at 20 pounds’ pressure. When the 
<'\lract w'as c'vaporaled to diyness and the residue redissolved in 
distilled water, little or no change in the effect on germinating seeds 
w'as evident. Some of the substances that retarded germination 
remaiiKMl in the* w’ater-soluble ash, although the* eff(*cl was not char- 
act('rized by dark(Miing and killing of the sprouts, as in tests with tin* 
normal extract. That retardation in this case could be accounted 
for by o.smotic pressure alone was showm by subsequent tests. 

T\ble I. Toxicilu of twatid and twnnal vxtrach pom saga-treei w(d imlh 
indirairct btf their power to inhibit the germination of nakul sugar-b(ft seeds 

f\\iMaeo of 4 \iiriotios) 


I mitiiun* o| < xtnet 


Slpaniocl mituilps at ‘JO pi.iinfls* 
riilr»*ntfvl 


bppds s;('rmin.iiod nfU r 


_ - 

1 

1 

lU h<nirs 

42 hours 

1)0 hours 

Percent 

Ptreenf 

Pirnnf 

17 fi7 

N Hi 

M) 70 

]K 

1> VI 

AO 00 


The solubility of tlie toxic materials of the seed-ball extracts in 
various solvents was (leterminod by eva])oj*ating a known volume of 
original extract to near dryness, exU’acting with a solvc'iit, r(»moving 
the solvent by successive evaporations wdth w'ater, redissolving the 
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residue in distiUod water to tbo original volume, and gormuiating 
scchIs on the various fractions. The toxic matenols were found to be 
soluble m wattT, or m 80-percent alcohol. Tliey were slightly soluble 
in absolute alcohol and practically insoluble m piopyl alcohol, ether, 
acetone, or toluene. 

Some of the chemical and physical properties of typical sugai- 
beet s<.>ed-ball extracts are shown in table 2 The close con elation 
between ash, specific conductance, and osmotic piessure indicates that 
while the total amount of iiioiganic salts m the extiacts latiis the 
relative proportions of the constituent salts remain neatly the same 
None of the indices of inorgamc salts coirelates well with toxicity. 


Ta.blb 2— Some prope/ttes of eugar-heel wd~haU ixtiaet<> aa rthtiid to toneity 


f^ource of«\tract 


Vvit ty (W (nnrniAl < xtracl) 
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1 Reciprocal ohimper (^ntimiUrX 101, Iml dilutCKl to 100ml for conductivity measurement 
* Surtace tc naion of distilled ^ ater at 2) C «7l B7 d in r a ntinii tc r 


ObMOTIC PRESbUUB 

Two (liffoioiit typos ol solutos, sucioso nnd sodium (hlond(\ uom‘ 
iibod to dotcimiiio tlio toloiaiioo of naked sup:iii-l)oot seeds lo osmotu 
pressuie This \ias done to check any effects that niipht he due to 
factoi'b other than osmotic piessure Table S shows that sug:ai-beet 
seeds are toleiant to faiily high osmotic pressuie and tliat tlie two 
solutions used ga\e faitly similai lesults 


Table 3 —Influena oj osmotic pnssurt on the gnmination of nahd sugat-htd Hurls 


Solute used 


Osmotic 

pressure 


Naked y c ds ri rmiiiatc d iftc r 
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Sodium chloride 
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Several other solutes were usi'd in eoneeiilralions having osmotic 
pressiin* valu(*s amiilar lo tliat of variety 68 aiigar-bec't secHl-hall ex¬ 
tract. The data in table 4 show that theae isotonic chemical solutions 
varied in their influence on seed germination. Differences in g<'rmina- 
tion up to 70 percent w('re observed on solutions having similar 
osmotic pressure. Urea, for example, was outstanding in toxicity. 
The tips of the radicles from the seeds that germinated in tlie presence 
of urea were similar in appearance to those of radicles from s(‘eds 
germinated on sugar-beet seed-ball extracts. 

It is evident from the data that important toxic effects on ger¬ 
minating S(*ed cannot be explained on the basis of osmotic pressure. 

Table 4 .—Influence of sugat~h(et setti-baU exitactn and of chenneal solutionH isotmie 
With certain Hetd-ball txtracin on th< germination of naked sugar-beet seeds 


Fxtnict (ir solution used to iiioiston substratum 


SuKur iHot \arud\ 

(iK (extract) 

fiM (extract diluted aith 2 parts water) 

(iK (extiiu t fllteied through kieselgiihr and(‘arhoiiblack) 
l^reii 

Aininoiimin sullate 
Sodium nitrate 
Sodium ehloinle 

SUCTOV 

Wafer (check) 

TOXICITY OK AMMONIA 
Helease of Ammonia Duuino GEKMiNAnoN 

Tht* known instability of urea aiul a faint odor from the urea, 
similar to that from seed-ball extracts, suggested that ammonia might 
b(‘ released during germination. 

(icrmination tests were conducted with naked sugar-beet seeds on 
seed-ball extracts and chemical solutions hermetically sealed in glass 
disht's. After 71 hours 2 liters of ammonia-free air was passed 
through the dishes and Nessler’s solution. The n‘sulls of this test 
showt'd that ammonia was liberated from all the s(x»d-ball extracts 
and solutions containing nitrogen and that there was an increase in 
alkalinity during germination (table 5). A comparison of the effect 
of the dilute ammonia and urea solutions (table 5) shows that the 
concentration of ammonia was greatest at the beginning of th(‘ test 
in the dishes containing the ammonia solution; germination was 
completely inhibit(*d, and alkalinity \ras high but decreased during 
the test. ' The dishes containing urea solutions start(<d wdth a com¬ 
paratively low pH and low initial concentration of ammonia, w'hich 
allowed some g(Tmination to start. J>uring the test, however, the 
ammonia and alkalinity both increased to the point wliere more 
anunonia was in equilibrium with the air in the dishes containing urea 
than in those containing the ammonia solution. The behavior of 
asparagiii solutions in this lest was also interesting. Evidently very 
little ammonia was released until after about 2 days, when some 
apparently normal germination had taken place. Soon after this, 
how(‘ver, the se(‘dlings turned brown and no further germination 
occuired. This delayed action was evident in all subsequent tests 
with asparagin. 
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Table «5. - Free ammonia content of air dtavm through veeeele containing naked 
Bugar^heei seeds germinating on various extracts and solutions 


Extract or solution 


SuRar-licct \ariot} 

68 (extract) 

U S 12 A (extract) 
r s 12--B (extract) 
r S 12-r (extract) 

I s 12-1) (extract) 
Ammonia (0 4 mR N jier ml) 
Drea (i 9 ]N>rcimt) 
rrca+1 Iicrcent Na(M^ 
AsparaRin (4 2 ivn'pnt) 
AsimaRiu+l (lercenl NaCl ‘ 
Souiuni nitrate 
Ammonium sulfate 
Water (cheek) 
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7 00 
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5 13 
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8 48 

5 20 
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16 
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6 20 

% 

0 


> As ammonia in 2 litcre of air 

> Contained approximately 1 niR of nitrogeu iK*r milliliter. 


Furth(M‘ (‘vidoiKT on tho relation of the rapidity of ammonia release 
from iiitro^tMious eompounds to lovieily was olitained in an evperi- 
inenl with aeed-hall extracts. In this t('st the ammonia from tlit' 
most readily broken down nitrop:en eompounds was removt'd from 
the a('(‘d-ball (»\lraet, and the loxieity of (he inodifitMl (‘xlraet was tlnm 
eorapaivd with a portion of the same extract from which practically 
no ammonia hatl been removed. Two hundred milliliters of lit ated 
seed-ball extract was divided and 2/) ml. of an extract from ^(‘rininat- 
inji; st'cds was added to one of the 100-inl. ])ortions (.il) An ecjual 
amount of heateti extract from germinating «i'eds was addcsl to the 



H’ioure 3. Relation of the nitrogen content of seed-ball extracts to delayed 
toxicity; Aj Seed-ball extract from which 0.272 ing. of nitrogen as ammonia 
per milliliter was removed prior to testing toxicity, /f, s<x>d-ball extract from 
which practically no nitrogen had been removes] prior to testing toxicity. 
Note almost complete inhibition of germinatioii in Zf and delayed toxicity in A; 
darkening of sprouts in A is typical of ammonia injury. 
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other portion (li) of c‘xtraet, and both mixtures were ineu- 

balecl for 4 days. Both samples were then aspirated; 0.272 mp. of 
nitropen as ammonia per milliliter of soUilion was removed from 
while only 0.002 mp. was removed from /f. Both samples were then 
luxated to stop further aetion, and their toxicity to perminatinp seeds 
eompanul. Althouph the final pll of )>oth lots after 90 hours of 
permination was practically the same and sprouts from both samples 
were ultimately killed, permination counts showed that the removal 
of more ammonia from A resulted in increased pTinination (fig. 3, 
A and B). Forty-eight percent of the seed on th(» seed-ball extract 
from which v(*iy little ammonia had been removc^d germinated in 
90 hours, while 81 piTcent of the seed on the seed-ball extract from 
which the larger amount of ammonia had been rc‘inov(»d germinated. 

Toxk' Effect of Ammomi\ on Sitoar-Rebt Seeds and Seedlinos 

To obtain further information on the (effect of ammonia, tests were 
conducted to determine the tolerance of seedlings and older sugar-beet 
plants to ammonia solutions and sugar-beet seed-ball extracts. Thre(»- 
M^e(*k and two-month-old plants were supported through corks and 
their roots submeiged in seed-ball extracts and in an ammonia solution 
containing 0.4 mg. of nitrogen as ammonia per jnilliliter. All of the 
smaller plants collapsed within 4 houi*s. Tin' roots of the larger 
plants turned black, and the leaves began to dry in 18 hours. Water 
clu'cks started at the same time were still living at the end of 2 months. 

In another test small seedlings were* watei culture and 

the vials put in a larger container. E*^(tTiph of the above-mentioned 
ammonia solution was placed in the large container to «*over the bot¬ 
tom to a depth of one-ciuarter of an inch, and the laige container was 
th(*n s(»aled. Although the small seedlings w(»re not in eonlaet with 
tin* ammonia solution, within 2 houi*s sufficie'iit ammonia had accu¬ 
mulated within the aerial parts to cause th(*ir collapse. Subsequent 
tests, reported in tftbh* t), sliowed that ammonia concentrations above 
0.1 mg. of nitrogen per milliliter decreased gennination of naked 
sugar-b(*et s(»i*ds. Further tests (see fig. 4) indicated that much lower 
concentrations of ammonia, if effectively maintained, would inhibit 
germination. 

T\ble G. Ihfiunict of b<v<ial diffmnt concent t at ions oJ fne ammonia on gtimina- 
twn of naked sugardnet seids 
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Nitbogen Analyhis of Sug4H-Bebt Seed-Hall Kxtbacth and Chemical 
S oLUTioNb Before and After Germination 

To dotomiiiu* whctlior toxic amounts of ammonia wore rcleasod 
from certain chemical solutions and seod-hnll extracts by germinating 
seed, nitrogen analyses were made on seed-ball extracts and chemical 
solutions immediately after their preparation and also after their 
recoveiy from the cotton substratum on which naked sugar-beet seeds 
had been germinated for 5 days. The results of these analyses are 
shown in table 7. Free ammonia was liberated from the iiitrogeii 
compounds of all the extracts and synthetic solutions. The presence 
of the liberated ammonia is reflected in the rise in pH. The pH 
values after germination (table 7) did not rise so high during ger¬ 
mination as in several other instances where germination was con¬ 
ducted in smaller dishes and on thinner substrata. The significant 
data in table 7 are the increases in the amount of free ammonia in the 
substrata after seed germination. The amounts in most instances are 
more than sufficient to cause inhibition of germination, especially 
since the ammonia was released during germination and tended to 
increase as germination proceeded rather than to b(‘ decreas(»d by loss 
or neutralization, as was evident in tests where ammonia solutions 
were used. The amounts of (‘orabined ammonium ion ser\"e to indi¬ 
cate the relative buffering capacities of the solutions or extracts. No 
significance was attached to the small changes in amide nitrogen. 
Residual and total nitrogen determinations were merely ch(*cks on 
teehnique. 

Table 7.— Analyses of the mttogenous constituents of sugat-lteet stid-ball extracts 
and solutions of utea and aspaiagin 


fAnalyses of fn>sh solutions and of solutions n^cosoriKl from substrata on uliidi smls had lx fii Kitiiiirmtcd] 
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1 Moasun>d as millifrmrns iM>r millilitor of solution 


Ammonia HELXAbED by Enzymatic Hydrolysis 

Further studies were conducted to determine the source of the 
hydrolytic agent n^sponsible for the rel(‘ase of free ammonia from 
seed-bml extracts and certain chemical solutions containing organic 
nitrogen. Two sets of Petri disht^ were prepared for germination 
tests. The substrata of one set were moistened with sugar-beet 
seed’-ball extract and those of the other with*0.25-percent urea solution. 
The dislies were covered and steamed at 20 pounds' pressure for 30 
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minutes and were then cooled, and naked supur-beet seeds that had 
been shaken with toluene were placed in one-half of each lot of dishes. 
All planting was done under a (leneral Electric germicidal lump 
(2,537 A. U. radiation) in a closed inoculation chamber. After 93 
hours the liquid was recovered from the dishes anti immediately 
analyzed. The result of the analysis (table 8) indicates that the' seed 
carries a hydrolytic agent that is probably c‘nzymatic in character. 

Tests were run in which germinating seeds were ground and ex¬ 
tracted with water. This extract was addt^d to sugar-beet seed-ball 
extract and chemical solutions, and analyzed immediately after mixing 
and after periods of incubation at 30® C. One flask containing seed- 
ball extract and the above-mentioned extract from germinating seed 
was heated at 20 pounds’ pressure for 30 minutes. The analyses are 
presented in table 9. It is evident fitiin the data in table 9 that an 
(‘xtract preiiared from germinating beet s(‘ed has hydrolytic prop(‘rties 
similar to those of intact germinating steeds and that this hydrolytic 
agent is heat-labil(\ 


Tabi.k 8“ Nitrogen jeUaitid by gnminaiing hugat~bt(t tsieds iinda sUnle conditions 

hwls ^toshpri in t61uono1 


1 roatiiuMit 



Vitroppn ss 
fn i aiimionia 
IHr mUhlitpr 


supar b(ot seed-ball i\lrad (no sieds) 

Siiinir btd st>ed-bu]I iMrad (S) sieds pu disb) 
M 2^ |M>rceni urea (no sihhIs^ 

0 J'i iKrient urea ('M) sihhIs jm r dish) 


T 7M 
h 21 
7 fd 
M bl 


Mtllmram 
0 007 
2U 
032 
411 


Table 9 Analyses of seed-boll extracts and of chemical aoliihons mcnhatid in glass 
bottles at .W® (\ mth a solution pnpared from germinating naked sugar-beet 
setds 
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Suiirci* ol extract or solution 

bat ion 
piriod 

pH 

— —--- 

— 

— 

Sii^ar biMt \ iru Is 

Dans 



0 

6 .50 

r S 12-D 

1 



(> 
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XT S 12-D (stoaniPd at 20 pounds’I ires 

2 

1 

h 

fi 50 

sun* for 30 minutes) 

6 57 


0 

a 27 

08 

3 



a 

8 23 


0 

4 31 

Asparapm+1 iierei'iit NaCl 

3 

7 50 

5 H 


0 

T7n?a+1 iKTient Nu('’l 

i 

8 70 

0 


NitroMMi IN r inilliliUi of solution 


>n*p 

Mil 


Atii 

0 

m 

170 

<NI2 

(NI2 

out 

0 

301 

303 

0 

AH 

330 

0 

217 

123 


Com¬ 

bined 

4iiiide 

Uesidual 

N 

ToUl 

N 

Mtf 

Ml/ 

Mg . 


0 H2 

0 nro 

0 512 

0 741 

071 

on 

t50 

750 

0X7 

OKI 

no 

774 

170 

054 

5S1 

810 

179 

lNi5 

5iH) 

845 

IfiS 

OKI) 

5S9 

1 837 

no 

171 

t.55 

fi45 

023 

051 

2Ud 

MO 

utc 

on 

2)8 

IA2 

019 

111 

478 

714 

IIH 

010 

071 

72b 

T'K 

015 

080 

745 

m 

170 

ti37 

821 

001 

077 

15*1 

8J7 

954 

121 

Ml 

Mil 




___ 


The previous tests indicated the presence of ur(»ase, asparaginase, 
and probably other proteases. The presence of urease in naked sugar- 
beet seeds was shown by employing the technique described by Amiett 
(1). Five grams of naked sugar-beet sei'ds was ground to a fine 
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powder and shaken with 50 ml. of distillnl water in the pn'sonce of 
toluene for IH hours. The mixture was filteretl, and 10 mJ. of tlif 
hltrate was wlded to 50 ml. of 0.25-peirent urea solution. Some of 
the samples roceived 0.5 ml. of toluene eaelij no toluene was added to 
the otliers. Five ml. of the mixture's was titrate'd immediately with 
0.0.35 N hvdroehlorie iwid (HCl) and like amounts at various intervals 
thereafter over a p<>riod of 165 hours. Methyl reel wjus uswl as llu* 
indicator. The results are shown in table* 10. It is evident from the* 
data in table 10 that the urease eonfent of siu<rar-be*et seed is verv 
low as eompare'el te) that of soybe‘ana, sworelbe'ans. or jaekbe*ana, and 
that the hyelrolvsis is decrease'd by the addition of toluene. The 
de'creaseil hyelrolvsis in the prewuee of toluene may have* be*en due* 
to de*er(*ased aetivity eii urease eu* te> sliwht mierobial action in the* 
sbsenee of toluene. 

Table 10 Vitas< conUnt of naked sugar-beft Mftls • at* indicated hif the qiwnhtit^ 
of hydnichtoric aetd {f),03B \) u^(d tn Htiatiom 



H\fli(>(hloiu Kid rif|iiir»Hl Vrilli- 

Tiiik (lap^d iroiii of (hoiiiO 

1 II fl (loliuiu 

1 tia f 

1 ii/> nil* 

rioi4 
pn/\ iiu -I 

tiiliieiie 


MiifilUt n 

\tilhhftr\ 

MitltliUn 


0 1 

' 0 10 

0 JO 


1 

1 *- 

to 

21 

0 

1 IK) 

(Ml 

45 

1 0 

1 1 (lO 

I IK 

m 

! t) 

1 2 OK 

1 02 

m 

0 

2 M5 

2 25 

117 

0 

I 50 

2 to 

lori 

0 

4 20 

2 5S 

1 

uti 

Pif 1 

pll 

Roartion ut 10 j hours j 

h 70 

1 

s 71 1 

•1 (N) 


I 'j ml of snmph tittali rl \i ith 0 on N I 13 drut hloiic at itl, tin tin 1 it d iisi d us in litcdm 


pH STUDIES 

Tlu* ainiiionia toxicity previously eiicouiitt^red was associated with 
a rise in pll. Therefore, to evaluate separately the influence of ))il 
and aiiiinonia, further tests were* conduett^d The chanj<(»s in the pH 
of several seed-ball extracts and solutions that w^re observed diirins* 
[Termination tests are shown in table 11. Several attempts w«‘r(‘ 
made to stabilize the pll of extracts at low valu(‘s and the* pll of 
pr(‘pared solutions at liijrh values to test the ranjrc at which scikIs 
W’ ould germinate. Several buffer solutions WH»re tried, none of which 
successfully stabilized pll during germination. The results of some 
of the tests are given in table 12. The addition of either citric acid 
or calcium sulfatf' to seed-ball extracts retardcul the toxic action on 
germinating seed and permitted greater sprout df‘V(‘lopni(Mit. Ulti¬ 
mately, however, the killing of root tips was just as pnmounced and 
the rise in pH nearly as high as when no buff(T was used. Thi» ('ffect 
of genninating seeds on prepared solutions of high initial pll wa‘^ 
similar to that already noted on ammonia solutions. The ditip in pll 
of these solutions must have been brought .about by the buffi'ring 
action of oiganic acids and carbon dioxide Ifberated during germination, 
w^hich indicates that the initial stages of gennination can procecxl 
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when alknlinity is rolutivoly hipli Kurthoi tists to di'fceiinine the 
inHiioncp of alkalinity and ol ainiuonniin liydtoxide on the gennination 
of seeds and growth of sprouts weie made bv subjecting the thin 
cotton substiata on which the seeds yeie plnceil to a continuous How 
ol solutions of definite pfl Mdu(>s 


'I ABiL 11 plltaluii nfwiind tiiqai-lxit lud-ball t rharts and of rh( miaU vHultotts 
befor< and after naked Hugai-btel siedi had been geiminaJUd »fi them tor 7 dayt 
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t 'll) 

7) 

( J- 

H ( 4 

1 44 

8 45 

14 

S 44 

7 Ol) 

^ 55 

s 7 

. 22 

J) 

h 4H 

10 i0 1 

8 10 

in j) 1 

S 05 


» 40 
2 (lO 
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1 
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1 
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I pll ot SI 111 
pll of Irish lion iltii 
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Si ir iNit xaiiitx 
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(• 70 
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7 "•» 
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"•I 
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1 hS 

M 

*9) 
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5S 

4) 
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•■2 
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12 
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In a lost cIosijnn‘(l to tho ol a maintained pH as 

oblainetl bv a continuous flem ol solution tlnouuli the siibstiatum 
the iollowiiu^ method ^\ns ust»d The sec'ds u(‘ie placc'd on the cotton 
substiatuni, ailed ^\hi(h the Petii dishc's were covcdtdl and seah'd 
with wax, ancl a flow of about 100 ml pc'i houi was allowed to chip 
tin ou^h a s(*ale<l-in alass tube, on the uppcd edge of the cot ton, then flow 
thioiigli the substiatum to the opposite side of the dish, and dis»ehaigi^ 
throusrh a small hole didic'd in the bottom of the dish A small (dicl 
ol the c'otton substiatum pullc'd thiough the hole in the bottom of 
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tho dish served as a wiek to r(»move the excess solution without allow¬ 
ing the entrance of air. The results of these tests (tables 13, 14, and 
15) show that seeds will germinate at a fairly high pH on such solutions 
as monopotassiuin phosphate(KHaTOi) and sodium carbonate(Na^COa), 
where potassium hydroxide (KOH) was used to raise* the pH. Some 
injury was noticed at the higher pH valuers on sodium carbonate solu¬ 
tions, but this was slight compared to that produced by ammonia at 
much lower pH values. The ivlative (effect of the three kinds of 
solution on germination pere^entage and the increased eff(‘ctivencss of 
maintained concentrations are shown in figure 4. 



pH AMMONIAtmg. Nperml.) 


Ficiubb 4.—Effect of pH and aiiiinonia concentration (mg. N per ml.) on thc^ 
germination of naked Kugar-bcct seeds: A, liclative effect of high j)!! value due 
to ammonium hydroxide and other bases, in a continuous how experiment; 
2f, relative effect of maintaining the concentration of ammonia by a continuous 
flow of solution through substratum and of using 9 ml. of solution at beginning 
and not changing solution. 


Table 13.-- Influence of a eolation of monopotaaaitim phosphate and votassium 
hydroxide on the germination of cucumber and naked sugar-beet seeds ^ 



pH of 
supply 
solution 

20 hours 

44 hours 

Kind of seed 

Seeds ger- 
iiiinatod 

pH 

S(H»ds ger- 
winatod 

pH 


8 30 

Percent 

56 

7 37 

Percent 

100 

7.1»» 


M 40 

52 

7 77 

100 

(1.75 

Cucumber stn^ds. 

0 9H 

44 

9.35 

92 

S.31 

lans 

40 

10 52 

96 

10 12 


11.06 

44 

10 83 

84 

11 01 


M30 

54 

7 67 

88 

7 65 


9.40 

54 

8 18 

92 

7.40 

Naked sugar-beet seeds. 

0.96 

54 

9.76 

96 

9.48 

10.6S 

51 

10 en 

96 

10.51 


11.06 

68 

11.03 

00 

11.01 


« >1 gm. of KlliPOi per 18 liters of solution; KOH used to raise pH to value noted. 
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It IS also evident fiona table 15 that the aiiiouut ot aimnonium salt 
pi(*s(>iit at a Ittiily high pH is important The solution having a pH 
of 9 31 and eontuiuing 0 067 mg. of nitrogen pei inillilitei showed 
gieatiT toxieity tlian the one having a pH oi 9 72 but containing only 
0 029 mg of nitrogen per millilitei The fact that, when the eoneen- 
tration is maintained, a solution eontamnig a veiy small amount ol 
ammonia may be tovie has appaiently not been leiogni/ed 


Tabif 14 —Jnflvenct of sodium carbonaU solutions at various pH valms on the 
gaminaiion of cucumhir and nahd sugai-btet stfd% 
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Iabil 15 Injlumn of ammonia solution’^ at various pH talias on thi gn mi nation 
of cucumhiI and nahd suqar-hiet suds 
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< Ml BHun d as milliRrains |n r niilliliti r of fn sh solution 

' 1 hi pU valut of Uiis sohitioninaso\irstip|Md a small amount ol phosphoric arid (UiT’Oi) was thinfore 
addid and tin pll roadjustid with NIliOH 


1NFI.UEN( E OP OSMOTIC PRESSURE AND AMMONIA ON THE GERMINATION OF 

CERTAIN SEEDS 

The toxicity of tin* wutei-soluble extract from sug:ai-boet seed balls 
IS not specific foi sugai-beet seed but also affects the germination of 
several other seeds. Table lb shows the effect of sugar-beet seed-ball 
extract on the germination of onion, lettuce, radish, cueumbei, 
cantaloup, tomato, sweet coin, and bean seeds The germination of 
some of these seeds was totally inhibited while that of others was 
merely retarded. Theie was either an inhibitory or retarding effect 
on the germination of all kinds of seed on which the extract was 
tested. 
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Tabus Id — Jnfluenee of wil-bdU frtmct of sugai-biet vanrty S8 on gorntnalion of 

sfids of tanouh plants 
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Radish (Scarkt Whilt 1 ip) 

Lettuce (Ncdv '^orkNo 12) 
Cucumber (Klondike bite spine) 
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9K 
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(1 

W 
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Ml 
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0 

W 

74 

78 

82 
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0 

0 

S 

10 
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0 
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92 
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72 

7r 

11 xtraet 
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0 
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Table Hr—Influence of oemotic pressure on the germination oj several kinds of seeds 
fSubtitratuiii inoiston<>d with water, flucroaa, and a (mdluin chloride solution] 





■ 


■ 

Kind and variety of seed 

Solution used 

Osmotic 

pressure 

H 

40 


■I 






hours 



ms 



Atmot- 

pheret 

1 

Percent 

Percent 

Percent 

l*ercent 


Water (check)... 


08 

81 

88 

95 



2.12 

30 

St 

72 

7« 

_ 



4 29 

25 

5ft 

ft] 

07 

-. ... 



a 12 

23 

54 

02 

SI 

__ 


Sucrose ... 

H 40 

3 

47 

55 

m 

... 

Radish [(Scarlet White Tip). . 


12 W 
IK R'i 

1 

0 

12 

1 

20 

2 

2ft 

0 

... 



«7 

0 

0 

0 

0 

.. . 



2.00 

51 

74 

83 

85 

_ 



3.94 

33 

5ft 

70 

79 

_ 



fi.78 

31 

ftO 

00 

7(i 



Sodium chloride. 

7.73 

20 

4ft 

.59 

(17 

. _ 


• 

11.2h 

ft 

17 

37 

51 

_ 



15 55 

0 

4 

12 

2ft 

_ . 



10 54 

0 

0 

0 

0 

_ 


(Water (ehcek) 


IN) 

94 

9ft 

97 




2 12 

71 

81 

87 

92 


TiCttiiCf* (New York No. 1?) 

Sucrose 

4.29 

0 12 

17 

(« 

Ift 

72 

19 

79 

21 




K.40‘ 

0 

0 

0 

0 

_ 



2.00 

89 

91 

9(1 

9ft 

. 


Sodium chloride^. 

3 91 

5 78 

55 

3 

72 

to 

78 

11 

87 

15 




7.73 

U 

0 

0 

0 



Water (check)_ 


4ft 

94 

9ft 

98 

98 


2.12 

30 

94 

9ft 

98 

98 



4 29 

4 

91 

100 

100 

100 

Cucumb(*r (Klondike White 
Ujiinol* 

SiicioHe 

0 12 
8.40 
12 55 
IH 53 

0 

0 

0 

0 

8ft 

28 

0 

0 

98 

70 

0 

U 

1(N) 

84 

ft 

0 

too 

84 

8 

0 



2 00 

30 

9ft 

96 

9ft 

90 



3 04 

14 

90 

100 

100 

100 



5 78 

0 

92 

90 

98 

98 


Sodium chloride. 

7.73 

0 

(ift 

90 
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100 



11. SH 

0 

0 

30 

ftK 

80 



15 55 

0 

0 

0 

0 

4 



10 54 

0 

0 

0 

0 

U 


Water (dieck).. 


0 

15 

09 

89 

95 


2.12 

0 

i 

51 

87 

92 



4.29 

0 

2 

19 

73 

88 



6 12 

0 

0 

7 

01 

78 

Onion (Suect Spanisii, oi Vu* 

Siienise 

K 10 

0 

0 

2 i 

39 

72 

12 .55 

1 0 

0 

0 1 

1 

16 

loocia). 


IS..^ 1 

1 0 

0 

0 

0 

2 



23.07 

0 

0 

0 

0 

0 



2 00 

0 

0 

40 

80 

90 



3.0i 

0 

1 

28 

77 

87 



6 78 

0 

0 

12 

Kl 

! 92 


Sodium r>hlori<le.. 
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After it had boon demonstrated that there was some differential 
response of several different kinds of seeds to sugar-beet seed-ball 
extracts, further tests were conducted to determine the relative 
tolerance of these seeds to osmotic pressiin*. Tlie data in table 17 
and figure 5 indicate that there was a differential response to osmotic 
pressure. It is evident that seeds of sugar beet, onion, radish, and 
cucumber were not so sensitive to osmotic piessure as those of lettuce, 
tomato, and cantaloup. Furthermore, there was no tvpieal darkening 
and killing of the sprouts with sucrose and sodium chloride solutions 
such as had occurred when sugar-beet seed-ball extract was used. 

The tolerance of tiiese same seeds to dilute ammonia solutions is 
shown in table 18 All seeds tested were retarded in germination by 
concentrations of from 0.2 to 0.4 mg. of nitrogen as ammonia ])er 
milliliter. The pH of the substiatum was lowered even more than in 
tests with beet seeds. Further tests showed that the germination of 
these seeds was completely inhibited when the concentration of free 
ammonia was maintained, as in the test on cucumber and nakiHl sugar- 
beet seeds (table 15 and fig. 4). 

Table 18 — Toxicity of ammonia as indicated by its power to inhibit the germination 

of various seeds 
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SOME PROPERTIES OF EXTRACTS FROM SEVERAL DRY FRUITS 

Studies were conducted to determine whethei the physical and 
,chemical properties of water-soluble extracts of other dry iruits were 
similar to those of sugar-beet seed-ball extracts. Extracts were pre¬ 
pared from the ripened seeds of lettuce,^ oats, barley, spinach, and 
celery Table 19 shows some of the propeiti(*s of these* extracts and 
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also a comparison of their efroct on the germination of both lettuce and 
naked sugar-beet seeds. It is evident that the extracts from all of the 
‘seeds t(‘ste<l had some n*larding effect on tl^e germination of both beet 
and lettuce seeds. With the extracts of baricy, oats, spina(*h, and one 
of the lots of lettuce seed, this retai'ding effect on germination was 
rath(*r small. The extract from celery seeds completely inhibited the 
germination of h'ttuce seeds and redu<*ed the germination of naked 
sugar-b(»et seeds. The extract from Grand Rapidslettuceseed inhibited 
the germination of lettuce seed® and reduced the germination of naked 
sugar-beet s(»eds more than th(‘sugar-b<‘el seed-hall extract with which 
it was compared. Extract from Grand Rapids lettuce seeds had a 
very high total nitrogen content, and a relatively large (juantity of 
ammonia was hydrolyzed from it during gc^miination. 


T\blk 19. Some properties of water extracts from seeds of lettuce, celery, spinach, 
oah, barley, and sugar beets as related to toxicity ^ 
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SOME PROPERTIES OF PRESSED JUICE FROM FLESHY FRUITS OF TOMATOES, 
CUCUMBERS, AND MELONS 

Tests wtMc lun to determine the relationship between th<‘ properties 
of dry-s(‘ed c»\tracta and the juice from fleshy fruits. Juice was 
pressed from tin* ripcMied fruits of tomatoes, cantaloups, w'uterinelons, 
and large green cucumbers. The juices were then . filtered and 
sterilizetl by heating. Several kinds of seeds, whose tolerance to 
osmotic pressurt* had previously been determined, were placc^l on 
cotton substrata moist(»ned with the pressed juiciL Some of the 
properties of the jirc'imn'd juices and their effects on the germination 
of several kinds of seeds are shown in table 20. It is evident that all 
of th(* seeds used in the test were retarded in g(‘rmination, and further- 
more that osmotic pn»ssure appeared to be the major factor respon¬ 
sible. This is in contrast to the relative importance of the two 
major factors responsible for the loxicily of (‘xtracts from sugar-beet 
seed balls and other dry fruits. 
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Nitrogen analyses were made of fresli juices of fleshy fruits and of 
the same juices after they had been recovered from substrata on 
which seeds had been germinated. Similar determinaliuns were 
made after incubation with an extract prepared from germinating 
sugar-beet seeds. The average total ammonium nitrogen on five 
lots of tomato juice immediately after adding 15 ml. of an extract 
from germinating sugar-beet seeds to 50 ml. of tonwto juice was 
0.109 mg. per milliliter. After 3 days’ incubation this increased to 
0.126 mg. and after 6 days’ incubation to 0.130 mg. per milliliter 
The average pH value on these samples after 6 days’ incubation 
was 4.42. Evidently the buffering capacity (table 20) was sufficiently 
high to neutralize the free ammonia and nmder it comparatively 
ineffective as a toxic agent. 


Tablk 20 .—Some properties of pressed jinre from thejhshy fruits of tomatoes, eueum- 
bets, and melons, and a comparison of ihtir influence on the germination of seeds 
unth that of salt or svgat solutions of similar osmotic picisure 
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DISCUSSION 

In the rather extensive investigations that numerous workers have 
made on the factors affi'cting the germination of seeds in fleshy fruits, 
the only factor that has received I'ommon rwognilion is osmotic 
prt'ssure. At various times such indefinite terms as unnamed “spe¬ 
cific inhibitors” and “metabolic byproducts of germination” have been 
postulated as sole or contributoiy factors adveraely affecting germi¬ 
nation. 

In the present paper the effects of osmotic pressure and other factors 
affecting seed germination in the prt*senee of water extracts have been 
evaluated. Although osmotic pressure may be the major factor 
causing inhibition of germination by fruit juices, evidence is here 
presented that, in the case of water extracts from the sewl envelopes 
of dry fruits, free ammonia releasixl from nitrogenous compounds in 
the course of seed germination is a more significant factor. 
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A summary of the reJativo importauco of the principal faciom on 
which the toxicity of sugar-beet seed-ball extracts was found io be 
dependent is graphically ])resented in figure 6. The data, which were 
taken from table 5, shoM that free ammonia, pH value, and toxicity 
are eorrelatcnl in all eases except one, that of the U. S. 12-C lot grown 
on extremc'lv saline soil. The very high osmotic* pressure in this cose 
was probably a more important factor than the free ammonia. This 
case' also indicates the magnitude of difference in osmotic pressure', 
ne'ce'ssary to el(*pre*ss gt'rmination. Thc're was an c'xtre'me differe'nce 


N AS NHj (MiLU6RAMS) 



a»OSMOTtC PRESSURE 
(ATM) 


Figure C.- Helaiion of fn*e ammonia, hyclroaeii-ioii concentration, and OHUJotic 
presHure to the' toxicity of sugar-lxxd Hml-))a1l oxtraetK and a solution of urea. 
Lines drawn from tlie ])oints on the axes serve to aid intcrpn'tation of correlation 
between factors. The circles indicate boundaries of the figure. 

l)elwe*e'n the osmotic prc'ssure of se'ed from U. S. 12-D and that of 
seed from U. S. 12 C. The lack of dire'cl rc'lationship bet wern toxicity 
and osmotic prt'ssure is indicate'd by the crossing of the line's in the 
diagram betwee'ii the pe'rcentage germination and osmotic prc'ssurc 
axc's. 

Sufficient ammonia was released by germinating sec'ds from wate^r 
extracts of sugar-be'ct seed balls and ec'rtain otlu'r dry fruits to account 
adc'fiuately for the toxic effects that have been obse'rvc'd when seecls 
are gcTininate'd in the prc'sc'nce of these^ extracts. The aniinonia 
was nyelrolyzod from the water-soluble niti*ogeii compounds of seesd 
extracts by" both ge'rminating see'ds and solutions prepnre'd from gi'r- 
minating see'ds. The ammonia released not only neutralized organic 
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acids produced during germination but also caused a sharp rise' in 
the pfi of the substratum. In the case of sugar-beet and certain 
lettuce-seed extracts, 0.3 to 0.4 mg. of nitrogen as ammonia per 
milliliter of solution was released. %nthetic solutions containing a 
similar amount of ammonia were shown to be toxic to genninating 
seeds. Even smaller amomits of ammonia were toxic when the 
ammonia solution was allowed to flow continuously through the sub¬ 
stratum so that the concentration was not reduced by neutralization. 

The toxicity of seed extracts and synthetic organic nitrogen solu¬ 
tions was governed not only by the amount of hydrolyzable nitrogen 
present but also by the rapidity of hydrolysis. Thus asparagin, which 
was more slowly hydrolyzed tfian urea, was less toxic than urea during 
tlie early stages of germination. Since the hydrolytic agent was 
present m the immediate vicinity of the seed, the concentration of 
ammonia was greatest near the seed and the concentration increastui 
as germination progressed. The greater tolerance of radish and 
cucumber seeds to ammonia solutions was shown to be due mon' to the* 
})roduction of organic acids than to an actual tolerance to hugc»r 
amounts of free ammonia. That free ammonia was the toxic ag(*nt 
rather than ainmouiuin salts was shown by tho relatively slight inhibi¬ 
tion produced by fairly high concentrations of ammonium sulfati'. A 
solution of ammonium sulfate containing 3.5 mg. of nitrogen per milli¬ 
liter reduced gennination less than did a solution of ammoniuin 
hydiDxide containing 0.3 mg. of nitrogen i)er milliliter. Still lower 
concentrations of ammonium hydroxicle were effective wh(‘n th(‘ con¬ 
centration was maintained by a continuous change of solution (fig. 
4, B). 

Th<* present studies showed that ammonia was toxic not only to 
germinating sugar-beet seeds but also to s(‘(*dlings aiid plants that 
were 2 months old. This is in line with tli(» conclusion of Willis and 
Kankin {26, 27), who reported that ammonia released fixun conec'ii- 
trated organic nitit)pMious fertilizer applied to tlie soil was toxic to 
cotton seedlings. The conclusion of Willis and Rankin w as challenged 
by Tiedjens and Robbins {2^), wdio claimed that ])lants grewr as well 
wlien ammonium hydroxide W'as used as tin* sole source of niti*ogen as 
wdien some other fonn such as ammoniuin sulfati' or calcium nitrate* 
was used. HowH'ver, the pH of the nutrient solutions of Tiedjens and 
Robbins w'as (‘vidently very unstable. Starting with an initial pH 
as high as 9.0 in a continuous-flow experiment, the highest pH value* 
recorded on the solution after passing through tho sand culture w'as 
It is evident that very little free ammonia was maintained in 
contact with the plants. 

Fife and Frampton (6) rejxirted that when sugar-beet plants w'cre 
subjected to high concentrations of carbon dioxide there was a distinct 
rise in the jiH of the juice extractinl from the leaf blades owing to the 
liberation of ammonia from amides and other soluble niti'ogeuous (*oin- 
pounds. They further demonstrated that the amount of ammonia 
released was dependent on the original nitrogen content of the* leaves. 

The toxicity of seed extracts varied between siiecies and varieties 
and between different seed lots of the same variety. This variation 
was influenced by several factors such as the amount of nitrogen 
'present in the extracts, tho rapidity with whidi it could be hydrolyzed 
to ammonia, and the buffering capacity ^of the seed extract. This 
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latter factor was foiiiul to be of speeitil importance in the ease of 
fleshy-fniit juiees and will be discussed more fully latiT. 

Among the factors that influence nitrogcMi content of seed are nitro¬ 
gen nutrition and genetic constitution. Pucher, Curtis, and Vickery 
(17) have shown that betanin, the red pigment of the beet, contains 
approximately 6 perc<‘nt of nitrogen. Keller (8) has shown that color 
diffen^nees in beets arc' due to diffenmees in genetic constitution, 
although environmental factors may also play a part in detennining 
how the genetic factors are expressed. One of the very a])parent 
eharacteristics of sugar-beet variety OH A\as its comparatively high red 
pigmentation of sec'cT pc'rican), ^hieh may be the source of some of the 
nitrogenous compounds that are \vater soluble and from wliieh 
ammonia is hydrolyzc'd during seed germination. 

The relation of color to nitrogen content may be more important 
in the case of lettuce varielic's. Of the varieties studied, seed of the 
Orand Rapids varic'ty w^s conspicuous by its black color and high 
nitrogen content. Data rej)orted in this paper indicate that at least 
twice as much free* ammonia was released from the water extract of 
lettuce sc'c'd of the (irand Rapids varietv as was necessary grc'atly.to 
retard or inhibit the germination of lettuce sec'd in Petri dislic's. 
Knowh'dge of the fact that relatively large amounts of free anunonia 
arc' released from some lettuce-seed extracts olTera an explanation 
for the phenoinc'iia reportc'd by Shuck St), Shuck found that 
when lots of seed of some varieties of lettuce are successively ger- 
minat ed on the* same substratum byproducts of gc'rminat ion accumulate 
whi(*h have an inhibitory action on gc'rmmation. He .stated that 
when thc'se substances have accumulated to a point at which no more 
seeds will germinate the substratum can then bc' washc'd and seeds will 
again germinate normally. It is evident that during the' gc'rmination 
of siiccc'ssive lots of seed on a moist substiatum soluble nitrogcm 
compounds would accumulate so that c'vcMitually there would be a 
conclition similar to one wdiere the cotton w^as moistened with sc'c'd 
extract. 

Thompson (22) rc'portc'd that some \arieties of li'ttucc* are hard to 
germinate but that others are germinated rc»adily. Hc' statcnl that 
sec'd of the Grand Rapids variety is generally hard to gc'rminate and 
gave data to sliow that this dilhculty could be lai’gc'ly ovi'rcome by 
both soaking and (hying the sc'C'd at low temjx'rature. It is evidc'iit 
that the removal of water-soluble nitrogen during the soaking process 
would minimize any damage that otherwise might result from the 
release of ammonia by the germinating sei'd. Thompson also pre¬ 
sented data to show that cc'rtain conditions of light and temperature 
following the* soaking or washing treatment furtlu'r increased germina¬ 
tion. The ('ffect of light and temperature mny be ('iitireiy different 
from the (‘ffeet of washing and may have no coimection with preven¬ 
tion of damage fi*om free ammonia. Later, Thompson and Kosar (2S) 
reported several sulfur compounds such as thiourea, thiosemicarbnzule, 
etc., as stimulating the germination of dormant lettuce se'cel. The 
comparable compounds containing oxyge'U in place of sulfur or he'xa- 
valent sulfur such as sulfate wen'c either ine'ffeetive or toxic to geumina- 
tion. The nature of the chemieinls that stimiilate'd ge^rniination, all 
of which contained elivali'iit sulfur, suggests the possibility that they 
may have influence'd the amount of free ammonia pivse'nt by eitlie'r 
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retarding eiusymatic hydrolysis or by chemiral combination. Tests 
conducted by the authors have shown that sugar-beet seed balls 
previously soaked in a solution of tliiourea germinate more imiformly 
and show less injury after long periods of cold storage, such as arc 
ust'd in vernalization tests, than with any other treatment thus far 
tricHl. In tests witli sugar-beet seed-ball extracts, where the principal 
inhibiting factors are known to be hydrolyzed, free ammonia and 
osmotic pressure, the addition of thiourea, although it increased the 
osmotic pressure, reduced the toxic effect, as sliown by increased 
germination percentage and improved appearance of the sprouts of 
the test seeds. 

Much of the inhibitory effwt of tomato, cucumber, and melon 
juice on the germination of sugar-beet, tomato, lettuce, and cucumber 
seed can be accoimteil for by tlie osmotic pressure of tlie juice. 
Lavialle (10) and Litvinov (12) statin] that the essential cause of the 
inhibitory action of all fruit juices is osmotic pressure. When sinnls 
were germinatinl on a substratum moistened with tomato juice, the 
low initial pH of the juice and its high buffering capacity prevented 
the release of free ammonia. Some nitropcenous compounds in the 
tomato juice were hydrolyzed durii^ germination tests, but tlie high 
acidity of the tomato juice held the ammonia in a combiiu'd form and 

E revented it from being a major factor in germination inhibition. 

litvinov slated that the active acidity of the tomato juice was not 
responsible for any uihibiting action,* but that on the contrary an 
increasi* in inhibition occurrt‘d when the pH of the juice was raised 
to 6.5. It is easy to see tlmt a rise in the initial pH of the tomato 
juice might make the release of ammonia a more important factor. 
In fact, tests conducteil by the authors showed tliat tomato juice 
increaseil in toxicity as the pH was raisisl and that sugar-beet seed- 
ball extracts decreased in toxicity when they w en* buffered at a low pH. 

Ammonium hydroxide solutions seemed to have some effect on 
germination other than that accounted for by a rise ui pH, even though 
the rise in pH of the substratum on which seed had germinated cor¬ 
responded rather closidy with tlie extent of injury. It was shown that 
ammonium sulfate at a low pH was not very toxic, and also that seeds 
were able to initiati* gei'mination and subsequently niuitralize sodium 
hydroxide or sodium carlionate solutions having an initial pH between 
11 and 12. By using a continuous flow of fresh solution through the 
substratum on which st'cds were placed and protecting the solutions 
from any neutralizing influences of gasi's such as carbon dioxide, it was 
possible to determine the effect of a maintained pH. The data showed 
that ammonium hydroxide at pH 9.3 to 9.7 was more toxic to gcimina- 
tion and growth than either potassium phosphate or sodium car¬ 
bonate at a pll of more than 11. Ammonia solutions at a pH 
slightly above 10 completely inhibited gei'mination. The data also 
showed that at pH valura above 9 the amount of ammonium ion 
avaUable for release os free ammonia may also be a critical factor in 
the germination of seeds. 

SUMMARY 

, Studies arc report(*d relating to the properties of di'y- and fleshy- 
fruit extracts that are responsible for toxig imd inhibitory effi'cts on 
germinating seed. 
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In the case of sugar-beet seed-ball extracts, the toxic eflFect on 
gei-minating seed was shown to be largely due to the toxic action of 
ammonia, which was released from the nitrogenous compounds of the 
extracts by enzymatic hycirolysis. 

The presence of from 0.3 to 0.4 mg. of free ammonia per milliliter of 
solution was toxic to germinating seeds, young seedlings, and 2-monlli- 
old sugar-beet plants. 

Sutficieiit ammonia was released not only from sugar-beet seed-ball 
extracts but also from c<‘rtaiii other dry-fruit extracts and solutions 
of urea and asparagin to account for their toxic ('ffeet on germinating 
seeds. 

Although the ammonia released from sugar-beet seed balls and some 
lettuc(‘-8eed extracts was sufficient to cause a rise of 4 units in the pll 
of the solutions, the increase in pll did not completely explain the 
toxic action of the releasc'd ammonia. This was shown by tlie fact 
that ammonium hydroxide solutions at pll 9 to 9.5 were more toxic 
to germinating se(‘(la than either inonopotassium phosphate or sodium 
carbonate solution at pll 11 to 11.5. 

The tolerance of various sec‘ds to ammonia solutions and osmotic 
pressure is reported. There was a marked differential tolerance of tlie 
seeds tested to osmotic pressure, but all se(‘ds w(Te sensitive to am¬ 
monia solutions containing 0.1 mg. of nitrogen j>er milliliter when the 
ammonia concentration was maintained. 

In contrast to the major role playecl by ammonia in tin* toxic 
action of dry-fruit extracts, osmotic ])re8sure seemed largely to account 
for the inhibition to germination of seeds in contact with" juices from 
fleshy fruits. This difference is e\plain(‘(l on tin* basis of the high 
acid-buffering capacity of fruit juices, which prevented Ihe accumula¬ 
tion of ammonia in the free state. Combined ammonia in the* form of 
salts was shown to be comparatively nontoxic. 

The r(‘moval of water-soluble nitrogen fractions from the pericarpal 
tissue affords an explanation of the beneficial eff<»cts of washing or 
soaking some seeds prior to germination tests. 
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EFFECT OF CERTAIN ENVIRONMENTAL CONDITIONS 
ON THE PREVALENCE OF OPHIOBOLUS GRAMINIS IN 
THE SOIL' 

By Hurley F£ll?}ws 

Anaociale pathologist^ Division of Cereal Crops and Diseases, Huieaa of Plant 
Industry, United States Department of AgncuUnre 


INTRODUCTION 

Invostigations of fujip uiui hautoria in aoi] )iav(* shown tliai the 
type and number are affected greatly by environment. The effect 
of environmental factors on the prevalence of soil-borne parasites has 
received but little attention, in contrast to the extensive studies of 
the environmental factors affecting the behavior of parasitic organ¬ 
isms in pure culture oj* in tests of pathogtmicity. In the ease of 
soil-borne parasites, inrorination on th(‘ behavior in infested soils 
under various conditions is more important tlian that on the causal 
organisms in pun^ culture. 

The experiments reported here were inade to determine wh<‘ther 
certain environmental conditions, particularly temperatun*, moisture, 
and compactness of the soil, favored the retention of Ophioholm 
(jraminift Sacc., the parasite that causes take-all of wheat, in naturally 
inf(‘stcd uncropped soils. For comparison, a few experiments on th(‘ 
tolerance of this organism to extreme temperatures were conducted 
in pure culture. 

EXPERIMENTAL METHODS 

In the studies of Ophiobohs graminin in pure culture', low tempera¬ 
tures were obtained by both outdoor exposure and artificial refrig¬ 
eration. Cultiu’cs of 6, graminis w^ere grown on potato-dextrose agar 
in test tubes. Ce'rtain of these cultuies were kept in an ordinary 
tiu'rmograph shelter, and others were biu*i(‘d at progressive dt'pths in 
the* soil, where they were (‘xposed to decreasing extn*mes of tempera- 
tun'. Tli(' temperatun's were measui’c'd with maximum and mini¬ 
mum thermometers an<l a thennograph. At various intervals during 
the winter transfers were made to find out whether the fungus was 
viable. 

The thermal death point of Ophloboluff graminitt growing on potato- 
dextrose agar was delermim'd by the standard method ('inployed by 
bacteriologists, with modifications for fungi. 

in till tests of infested soils the samples were exposed to various 
temperatures by outdoor exposure in flats, in the gi’cenhouse in flats 
and metal pans, and in a freezing chamber in flats; or they vrere stored 
in a deep cave in cans. Soil samples described as “moist'' were 
maintained at approximately 60 percent of the maximum water- 

* Rpcelvod for imbliCRtion Doromber 20, 1940 Cooiwrativp iTi\p«.liRalif)iis of the Division of Cereal 
Crops and Diseases, Bureau of Plant Industry, U. S Doparlniont «)f ARrieuUiire, and the Department of 
Botany, Kansas Agricultural Exiicrlincnt Station Contnbution No. 407, Department of Botany, Kansas 
Agricultural Experiment Station 
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holding capacity, while the dry samples were completely air-dried. 
Looseness of the soil wad maintained by occasional stirring, and com¬ 
pactness by thorough tamping while in a moist condition. 

The severity of toke-aU lesions on Kanred wheat grown in the 
peenhouse was used as an indication of the presence and extent of 
infratation in a given sample of soil. The method has been described 
previously.’ 


EXPERIMENTAL RESULTS 

EFFECT OF EXTREME TEM PERATURES ON OFHIOBOLUS GRAMINIS IN PURE CULTURE 

Davis ’ showed that Ophiobolus graminis ^ws best at about 23° to 
24° C. At 4" growth was exeei'dingly slight, while at 36° it was 
checked entirely. The fact that the fungus grows only slightly at 
4° C. (39.2° F.) suggested the experiments to determine whether the 
winti'r cold in Kansas might not only cheek its growth but possibly 
kill it. These experiments were conduct(>d during the winter of 
1925-26 and 1926-27. 

All the cultures were viable at the end of both wintera. The weekly 
maximum and minimum temperatures in the instrument house, give!) 
in table 1, show that the oi^anisms survived t('mperatur(>s as low 
as —2° F. C’ultures of the fungus also were subjected to repentwi 
alternations of temperature raiding fnun 70° to as low' as —20°. 
None of the exposures, shown in table 2, affected the viability of 
tlie fungus. 

Deteraiiuutions of the thermal death point of OphioboUtx giamin'm 
sliowed that both the inicrohyphae and the macndiyphae were* 
killed when exposeel for l(t minutes at 122° F. (50° C.). The* fungus 
remaine*el viable aft(*r exposure for 10, 20, and .30 ]ninute*K (ei a tein- 
pe*rature of 113° F. (45° 0.). (’ultHre*8 e*xpose*d 30 ininute*s re*eove*re*el 
more slowly than those e*xpos(*d for shorte*r perieiels. 

Table 1.- Weekly minimum atui maximum outdoor tempeiatiiui duttng witihr 
months of J9S6 and 19J7 when cultures of Ophiobolus graminis ivete stored out¬ 
doors at Manhattan, Kans. 
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Table 2.- Time ami temperature of exposurt m a freezing ehambet of puif cultures 

of Ophiobolua graminis 
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EFFECT OF EXTREME TEMPERATURES AND DROUGHT ON OPHIOBOLUS GRAMINIS 

IN SOIL 

Numerous experiments were e<mdueted in several years to determme 
whether summer heat and drought would reduce the quantity of 
Ophiobdm qraminis in infest(>d soil in the field. These experiments 
were made by eomparing the relative abundance of the fungus in the 
upper soil layers with that in the deeper layers, which had been 
sumected to less heat and drought. 

The severity U*st8 with Kanred wheat showed that the fungus was 
reduced somewhat during the summer in the upper 2-inch stratum, 
but th(* diff«‘rence in the abundance of the organism between this 
stratum and lower depths down to 10 inehro was too small to be of 
practical importance. All the soil strata studied retained sufiieient 
inf(>station to produce severely diseased wheat plants. 

Infested soils were exposed to more severe conditions in the green¬ 
house. In 1929, 1931, and 1932, soil from infested spots in the field 
was taken to the greenhouse in the spring, spread in 1-inch layers in 
shallou pans, and (‘xposed unshaded and without watering imtil the 
latter part of October. In 1932 the tests were duplicated with soil 
samples placed in an elevated position outdoors, whero they were 
protected from the rain but exposed to the sun during the summer. 
Control samples were stored in a cool cave. The soils were tested for 
infestation diu-ing the winter following the exposure. The results are 
piven in table 3, and temperatures of the soil samples expo8(*<j outdoors 
in 1932 are shown in figure 1. The temperatures of the soil samples 
stored in th(> greenhouse are not given, but they W'ere much lower 
than those of the samples exposi'd outdoors. 

All the soil samples exposed to heat and drought retained enough 
infestation to produce severely diseased plants, but in three of the 
four tests the infestation was reduced to some extent. The experi¬ 
ment performed in 1931 showed that soil kept in the greenhouse had 
more infestation tlian the control. However, in this experiment the 
severity ratmg was high, and when plants are very severely diseased 
it is diffieult to make fine distinctions. Consequently, the apparent 
difference may not In* very significant 
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Info^ti'd still f\j)os(*(l ultt4iuitoI,> tu glowing imtl liotv.mg toiupoia- 
tiiivs uiiiloi conditions identical ii^ith those ol the oigninsm m pine 
(uJture shoi\ed no leduttion of the disease on i^heat plants subse- 
qui'iilly gioi\n in the soil Thus, alternate fiee/ing and tha>\ing dnl 
not in|iiie the oiganisin in eithei m>i 1 or pure eultine The teinpera- 
tuie leeoids aie shtn^n in table 2 

In an experiment in mIikIi Ojthtobolus gramnn's i\as gioi^n in pine 
eultine it had a theiinal tleath |x>int ol 122° F. (50° ) when exposed 

lor 10 ininutes In anothei experiment in soil it was not killed at 
temperatures that langed fiom 140° to U)0° F lor more than an 
hour on c»aeh of ‘-(»\eial da>s The laet that the maerohyphae on 
inleeied plants an* minh eoaisei and then walls thiekei than in pure 
eulture may explain this diffeieiue 

FFFBCT OF TEMPERXTURE, MOISTURE CONTENT, ANO (X)MP4CTNESS OF SOIL ON 
VI^BILITX OF OPHIOBOLUS (iRAMINls 

The effect ol exiKisure conditions on Ophtobolus graminis either in 
the abs(»nce or m tiie presence of the host should be leflected latiT on 
wheat plants grown in the soil 

The three enviionmentnl leetois most likely to affect soil floia in 
the field are moistui e, t<»mperat ure, and compactness or tilth Accoid- 
ingly soil fixim infi'sted sjiots in the field was exposed for various 
lengths of time to eight combinations of th(*se three faclora These 
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combinations wore: (1) moist, cool, compact; (2) dry, cool, compact; 
(3) moist, cool, loose; (4) dry, cool, loose; (5) moist, warm, compact; 
(6) diy, warm, compact; (7) moist, warm, loose; and (8) dry, warm, 
loose. 

The two tempcratuiv conditions were obtained by storing one set 
of soil samples in a deep cave and the other in the gn'cnhouse. The 
temperature in the cave averag<*d 37.5® F. and was always above 
freezing during subzero weather, and in tlu* summer it averaped 
71.6®, never going above 72®. The grt'enhouso temperatim* was fairly 
uniform during the winter, with an average of 70.2®, and was variabh* 
during the summer but averaged 83.fi®. The averagi* maximum daily 
temperature in Juno was 97.1®, in July 110.7®, and in August 102.5°. 
The dry compact sample's wen' so thorouglily puddh'd and hanl at 
the end of the storage period that a hammer was required to pulverize 
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FiauRE 2.—Averaae H>verity ratings of takc-all on wheat plants grown iii tlii' 
greoiihoutso in infested Mill fitorc'd (m'sunislv under dinemit cuiidil ions of 
inoihture, teniperatuns and coniiiartness, at Manhattan, Kain.., 1030 3<i. 
(Data in table 4.) 

them. The dry samples were air-dried. Water was applied to the 
moist samples from time to ^ime. At the end of the storage period 
all of the soil samples were brought to favorable tilth and moist im', 
and wheat was grown in them in the gn'cnhouse. 

This experiment was conducted four times during the period from 
1930 to 1936. For a given experiment all the soil was taken fmm the 
same infested spot in the field and was well mixed. Tests for infesta¬ 
tion in the first experiment weit' on plants grown in soil stored for 
230 days; in the second experiment, 338 days; m the thinl, 777 days; 
and in Uie fourth, 608 days. 

The data on the severity of take-all on the wheat plants grown in 
the greenhouse in tlie vanous soil samples an' given in table 4, and 
the average severity ratings are shown graphically in figure 2. Tlu' 
data in table 4 are summarizinl in table 5 to show the effects of the 
environmental factors consideri'd separately and in combinations of 
two. The relative importance of the factors is indicati'd by averages 
and totals from the combinations into >yhich tlicy entereii. The 
severity ratings shown in table 5 aro pn'si'nlcd graphically in ^in' 3. 
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COOl WARM COMPACT LOOSE 


Figure 3. - Dibcasp-sov<*rhy ratings bhuwing tho relative effect of single and 
double environmental factors on the retention of Ophioholus gramtnts in stored 
infested soil. The liatched eolumiiM repn^bimt weighted averages for each 
single factor. (Data in table 5.) 

ruder tho ooriditioiis of tho experiments the storage tc^mperatui'e 
had mon' effect on the. viability of Ophioholus graminis in infested 
soil than had any other factor. Cool temperature favored the fungus 
rc'gardless of th(' other fa(‘tors. Warm soil combined with other 
factors in any manner retained leas infestation than any similaj' com¬ 
bination with a cool soil. 



Table 4 — Seventy of take^ll on wheat plants groan %n the gretnhouse in infested soil previously stored under different conditions of motsturey 
* temperature^ and compactness^ Manhattan, Kans , 193^36 

(The length of storage m the various e\p^riments «as as follotKN Vo l,230da\« No 2, aSSdajs No 3, 777da\^ and Vo 4,0Q6da>^] 
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Tablb —Summary of data from table 4 to show the weighted average influence of single environmental factors and of two environmental factors 

on the prevalence of Ophtobolus graminis in infested soil 
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Both moisture and compactness modified the effect of tenmerature 
on the prevalence of Ophiobolvs graminis in infested soil. When the 
infested soil was cool and loose, moisture appeared to be of little 
importance, because the plants grown in the cool loose soil that had 
been stored in either a dry or a moist (condition had equal disease 
ratings. A compact warm soil retained more of the fungus in a viable 
state than a loose one. The addition of moisture to warm soil, 
either loose or compact, tended to rid the soil of infestation. How¬ 
ever, the effect of moisture was greater when the soil was loose. 

The individual experiments are all in agreement in indicating that 
temperature is the most important factor influencing the retention 
of tlie parasite in the soil. Some of the results of experiment 1, 
however, are at vaiiance with those of other expenments with regard 
lo moisture and compaetness. This is due perhaps to the fact that 
the soil in experiment 1 was stored for a much shorter period lhan in 
the other experiments. 

Infestation did not hicrease under any conditon of storage. In 
(‘xperiments 2, 3, and 4 additional soil was taken to the greenhouse at 
tlie time the soil was collected, and wheat was sown at once in order 
to compare th(* disease produced initially with that after the soils 
had been stored. Since the highest retention of infestation was shown 
lo liave occurred in the soils stored in a cool condition, this group is 
used for comparison \vith the initial infestation in table 0. It is 
evident that even cool iincropp(‘d soil lost some infestation, as mi^ht 
bo expected, since Se^vcdl and Melcbers ♦ have shown that rotation 
of crops is an aid in controlling the take-all disease. 

TtBLK (5— Comparison of iht pa since of Ophiohohts graminis in portions of the 
same tnffsted soil sampli, one portion fresh and the other stored 


N \iru\ ratmi? 


ExiN>rini<*iit No 
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soil 
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2() 2 (i3 2 
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DISCUSSION 


Tho soil is a common medium for many iimTo-orgiuiisms. The 
mterjM'tioTis of these organisms may be mutually deleterious, helpful, 
or neutral. Consequently the results obtained in studies of the effect 
of soil environment on a single organism ai’e difficult lo inler|n‘et 
because of the likelihood of indirwt effects of other or^nisms. Thus 
the results with Ophiobolvs graminis just described might have been 
different if the infested soil had eontainwl a somewhat different 
microflora. 


•HkWCU.M C,lindMEl(H»RNL E ,M.lirF|C10»I^ATIOVANDTIIlliroNtOOTHOrOFRII»At 

IN XANHAh. 1920-1924 Anier «oc \pron Jour Ih iW ii.lllus 1924 
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Aside from the effect of a varying microflora, the effect on the 
parasite of fluctuations of temperature and moisture within a sin^e 
year or season should not be great when the infested soil is cropped 
to a susceptible plant, because an abundance of the host during the 
growing season provides an opportunity for ^wth of the fungus 
to offset the effects of adverae weather conditions. However, then* 
might be a gradual reduction of the organism during a cycle* of dry, 
hot years, or an accelerated accumulation during a cool, moist cycle. 

It would seem that adverse weather conditions should have* the* 
maximum effect e)n the fungus in infested soil plante*d te) a nonsus- 
ce'ptible crop. Unde‘r tlu'se c'emditiems hot weather should ivelueM* 
infestation, the fungus might not be re*habilitateel eve'ii though coed 
weather occurred later, and infestation would diminish from ye*ar te) 
year. 

SUMMARY 

Ophiobolvs graminis Sacc., the parasite causing take*-all of wheat, 
wh(*n in pui’c culteire was not killed by the winte*r te»mperature*s 
occurring m Kansas, nor was it affecte*d by re*peated abrupt ulternatieuis 
of growing and subfre'czing te'mperature*s. The thermal eleath point 
of both microhyphae and macrohyphae was about 122° F. (50° C.). 

In naturally infesteel soil the fungus sinviveel te*in{)e*ratures us high 
as 160° F. (71° C.). High tempt'rature*s and elroiight in the summe»r 
re'duced the infestation in infe*ste'd seuls oiJy slightly. The abunelance* 
e)f the fungus in infc*sted soils was not reduce*el by re*peated alte*matie)ns 
from growing to subfrt'ezing temperature's. 

The abundance of the parasite in infeste'd soil was reduce'd in 
diffeivnt degrees by different e*onibiiiutions of meiisture*, tempe»raturc, 
and compactness of the soil during ste>rage. IIow(*ver, the* fungu's 
remained viable in eithe*r moist or (Try infe'ste^d soil ste>re*el in a waini 
gree'nhouse as long as 777 days. In ge'ue'ral, cool se)il te*ndeel te> retain 
the fungus longer than warni soil. The fungus W'as re*duce*d most in 
a warm, loose, moist soil, and least in a cool, compact, moist soil. 




CHEMICAL COMPOSITION OF SYMPHORICARPOS RO- 
TUNDIFOLIUS AS INFLUENCED BY SOIL, SITE, AND 
DATE OF COLLECTION* 


By L. A. S'loDDAirr^ 

Hangr eiologut, Utah AgmuUural Expeitmtvt Statton 
INTRODUCTION 

For a number of years the Utah Afn'icultural Experiment Station 
eondiietcd an experunent on the feeding of mineitii supplement to 
range cattle on mountain summer pastures which involved the collec¬ 
tion of many of the more important range plant species at regular 
intervals to determine their chemical composition and thus permit 
the calculation of the mineral content of the animal diet. Collections 
of plant material were made at regular calendar intervals, since it 
was necessary to correlate plant composition with animal reaction us 
measured at regular time intervals hy weight and blood composition. 
The importance of stage of maturity as a factor in chemical composi¬ 
tion was recognist'd, but, in such heterogeneous range, developmental 
variations between species and within species made it difficult even 
to defiiK* the growth stage existent at the time of plant selection. 

Sampling of vegetation was accomplished by means of a single* 
collection on each collection date. The samples were composited and 
thus were representative of many areas within the 4tK)-acre pasture. 
Those areas were not ri'gular stations but merely places where the 
collector happened uixm the particular species being collected from 
the heterogeneous phmt eover. Data obtained after several years of 
such sampling were so variable as to cause some qurotion as to their 
aceuracy. Because of this conceni, a sampling experiment was 
devised to study variability in chemical euniposition attributable to 
the following factors: (1) l)ate of collection, (2) soil type, (3) site or 
habitat, (4) field sjunpling twlmique, and (5) laboratory anal 3 rsi 8 
technique. 

LITERATURE REVIEW 


Studies correlating natural variation in chemical composition with 
habitat facdors are rare, but there are many papiTS dealing with 
s(>asonul trends and with response to fertilizers. 

Of tin* pap<>r8 dealing with seasonal trend, a recent report on Cali¬ 
fornia fiMithill range plants is typical. Gordon and Sampson (6')’ 
showed for herbaceous plants as the season progressed an orderly 
decline in crude protein, silica-free ash, calciuni, phosphorous, and 
potassium. Crude fiber increasiHl rt^ilarly. Deeiduousshrubsasthe 
s(‘ason piogr(*8sed showi'd a decline in pnitcin, potassium, and phos- 
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phorus but an increase in silica-free ash and calciiun, and little change 
in crude fiber. 

Stanley and Hodgson (IS) found regular declines in crude protein 
and phosphorus as the season progressed and increases in nitrogen- 
free extracts of Arizona grasses. 

Studios in Oklahoma (4) showed a close relationship between pre- 
cipitotion and the calcuuu-phosphorus balance in Andropogon aeo- 
parius. As precipitation increased calcium content decreased and 
phosphorus content incn>asod, and as precipitation decreased calcium 
increased and phosphorus decreased. 

Hopper and Nesbitt (9) found a quadratic relationship between tlie 
April, July, and October composition of grass hay; the July yield being 
higher in protein and uitrogeu-free extract, and lower in fiber. A 
similar relationship for crude fiber was found in Arizona grasses (IS). 

Orr (11), in his classic work on plant minerals, reports positive 
correlation between mineral content, especially phosphonis, and soil 
moisture, which, of coursi', varies with the season. Season infiuences 
minerals in that they are highc'st during periods of maximum leofiness 
and activity of protoplasm. 

Fagan and Milton (5) decided that tlie composition of grasses varied 
with season largely because of a different leaf-to-stein ratio. McCreary 
(10) suggested that late season inereases in total ash and lime might 
be attributed to dust accumulations. 

The response of plant composition to soil was invi'stigntcd by 
Truninger and Grflnigen (14), who studied tlie relation between soil 
reaction and phosphorus, potassium, and calcium Init found no 
correlation. 

Holtz (8) found in oats and certain clov(*m a relationship between 
phosphorus and calcium content and the soil upon which they w(‘re 
grown. Peculiarly, the phosphorus content of oats followeil (he total 
phosphorus content of the soil, while that of red clover followed more 
closely the available phosphorus content of the soil. In some soils, 
calcium content of oats followed the calcium conte?il of the soil but in 
others no relationship was found. 

On* (11) concluded that mineral composition within a specie's is 
determined primarily by the soil as sliown by the response to fertilizc'ra. 

Watkins (16) found that Bromvs inermw when grown in the sun 
was high in percentage of carbohydrates and low in percentage of 
nitrogen as compared to plants grown in the shade. Ijong-<lay {uants 
as compared to short-day plants were high in percentage of carbo¬ 
hydrates and low in percentage of nitrogen. At bloom stage nitrogen- 
fertilized plants as compared to chock plants were high in pert'entage 
of carbohydrate and low in percent^c of nitrogen. 

Greaves (7) found a highly significant positive coirelation between 
total ash and calcium, and total ash and magnesium; between calcium 
and magnesium; and between phosphorus and crude protein, and 
phosphorus and crude fat. He found a highly significant ntgative 
corrdation between total ash and phosphorus, and total ash and cal¬ 
cium and crude fiber and crude fat; between calcium and phosphorus 
and nitrogen-free extract; and between crude fiber and phosphorus, 
and crude protein. Similar results have been found in other studies (S). 
’ Daniel (S), in studies of certain native and.cultivated grasses and 
It^umes in Oklahoma, showed positive gehetic relationships in the 
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chemical composition of the plants. Thus, the content of plants that 
arc normally low in calcium and phosphorus remained so when the 
plants wore grown on soils rich in those miner^s and, conversely, 
plants normally hi^h in calcium and phosphorus remained so when 
grown on soil poor in these minerals. 

AREA OF STUDY 

The investigations described herein were made on high mountain 
pastures east of Ijogan, Utah, a region lying within the aspcn-Do^las 
fir zone. The topography is very stt^ep and irregular, the soils highly 
variable, and the vegetation correspondingly complex. The pastun*? 
were not grazed during the* season of study. 

SOILS 

Although no official soil survey has been made of this range-pasture 
area, the soils wore mapped bv standard soil survey methods for the 
])urpose of this experiment. Eighteen distinct types were delimited, 
dilfering in texture, depth, color, and other profile characters. These 
types have not been officially described nor given series and type 
names. (Teologically this area is composed of residual sandstones and 
limestones of the Wasatch conglomerate formation. In many areas 
the foimation has been washed veiy thin and a substratum of dolomite 
of the adjacent Nounan formation is very close to the surface. 

Thr(»e of the more important soil types were selected for use in this 
study. The basis for selection was the quantity of lime present in the 
soil as di'termined by the hydi'ochloric acid test. Although this was 
thc‘ basis for the selection, numerous other differences were apparent 
some of wiiich may have been as important as the lime content. It 
should likewise be noted that total lime content may not be an index 
to available calcium. Brief descriptions of the three soils, designated 
A, B, and C, follow. 

Soil A - This type has a surface layer of limefree black soil high in 
gravel and 3 incln^s in depth. This layer is underlain to a depth of 72 
inches by a red clay high in calcium carbonate. The soil was differ¬ 
entiated fi*om all others by the presence of large quantities of lime in 
the upper layers, and though occasionally the upp(»r portions of the 
clay are free fnim calcium, this is not usual. The subsoils ai*(‘ free 
from gravel. 

Soil B ,—This type has a surface layer of black silty clay loam con¬ 
taining some gravel and extending to a depth of 12 to 18 inches. A 
red clay layer is found under the black surface. Gravel and stones are 
abunclant in local areas but are not common, and abundant calcium is 
found only in the deep layers beginning at 42- to 54-inch depths. 

Son 0 .—^This soil type is a brownish^lack, gravelly, silty clay loam 
to depths of 12 to 18 inches below which there is a layer of red to 
yeUowish-brown gravelly clay. No calcium carbonate' is present, 
though in local areas limestone was found. 

VEGETATION 

The vegetation of the pasture belongs chiefly to the sagebrush type 
or to the aspen type, and both types are of complex composition. In 
order to eliminate tlie variable factor of plant-cover type, all sampling 
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was done in the sagebrush type. This type (fig. 1) was analyzed in 
detail by sample plots and found to have a dc^nsity (foliage cover) of 
20.7 percent. Grasses formed 7.0 percent of the foliage cover; browse 
plants, 71.1 percent; and forbs, 21.9 percent. A detailed analysis of 
the composition of the foliage cover follows. 


OrasseH*. Pentni 

Agtopgron panelflomm 2 0 

Promus lector um 2. r> 

Stipa Columbiana. . 5 

Others-, - , .2.0 

Krowse plants: 

Amelanehier alnijolia . . 3. 7 

ArtemiRia tndeniata 24. 4 

Chrysotkamvus viRCidiflonis. 13. 9 

l^unus melanocarpa. _ 6 7 

Purahta tridentata _ 7 7 

Symphoncarpoa rotundi- 

foliua _ 14 fi 

Others . 2 


Forbb*. PtTimt 

Achillea lanidoan. 2 2 

Agaataehi utltcifolia 1 3 

Aater spp _ . 8 

Balaamorhtaa aagitlata r> 

Cogawellia niacrocarpa 7 

CoUinaia ienella. . 1 2 

Crepia acuminata 1 3 

Eriogonum heracltoidth. 3 1 

Geranium fremoniti 1 2 

Lupinua eaudaiua 2 

l^eneeio aerra o 

SteUana jameaiana . 1 4 

Vina americana ."> 

Helianthi Ua vnifiora 1 7 

Wyethia ampUxicavlia 1 ."> 

Others 1.2 


The grazing season on this area as pr(‘scribc»d by tin' Forest Service* 
of the United State's De'partmeiit of Agriculture* is from about July I 
to Octobc'r 1/). 


('LIMATir (CONDITIONS 

The climatic conditions of the area studie'd are typical of those* in 
most of the we'stemi mountains llc'avy snows re'iiiain until about 
May 1 anej the suinine'rs are comparatively dry but cool, re'sulting in 
good growing conditions throughout a normal summer. The annual 
precipitation, though not measurc'd, was estimate'd at 20 inedies. 

The ye'ar during which the*se studie*s were* maele mus abnormallN 
diy, adjace'nt stations showing annual pre'cipitation to be only one- 
half to two-thirds of normal. There was veiy little rain during the 
growing season. Rainfall in May and June w'as normal, but in 
fluly it was only about oiu'-half of normal and all occurred afle'C 
the sample's were colle'cte'd. Pre'cipitation during August was ne'g- 
ligible. September, howe»ver, was a ne'ar-normal month, with lu'aAV 
rains about 1 wee'k bc'fore the eollcM'tions we're made*. 

METHODS 

Because of the eomph*xity of the vegetation, one species, the round- 
l(*af snowbe'riy {Symph4)ricarvos roturidifolius)^ a palatable* and 
abundant shrub, was select enl for study. This plant was rather 
uniformly distributed over all soil types and, he'iice, lemt itself we'll 
to the study. 

It is doubtful whe'the*r the* reactions of this specie's would be* typical 
of all other species or, indeed would re'main constant for this species 
from year to year. It was fe*lt, however, that data from this species 
could bo used as an inde'X to the importance that should be accordeel 
a particular factor in collecting plants for analysis. 

.Collections were made on ^ (lays in the summer of 1939, July lo, 
August 1«5, and September 15. Since noripal* fruiting did not take 
place (presumably because of a late frost) it was impossible to describe 
the stage of maturity except to state that the first collection was 
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considered about fuU-lcaf growtii and the* last date marked the be^riii- 
ning of leaf dropping. 

In addition, f^roin each soil type saniples.were taken from (wo sites 
or habitats, ealle<l good and poor. The good sit(‘s were simply areas 
of vigorous or above-average growth, often north expo8ur<*s or areas 
where moisture eonditions were better. Poor sites were often dry 
southern e.\posure8 and powth was h‘ss vigorous. Topography also 
influenced the difference in growth through concentration of moisture. 
The difference between the two was not sliarp, but, in the field, it was 
obvious. Variation between these sites c-ould be attributed m part 



Km.i Rh 1 t\ po upon eolloetioiih wtTo made. The asjien^typc 

Is \ i^ible 111 t ho hnokgroiiiid 


to a cUfroronco in clovolopiiHUital stajjo and, in tliis n^spocl, miirlit bo 
analo^)Us to soasoiuil diiroronoos \^ithin a site. 

Tho mot hod of oolh'ot ing: inatorial for analysis was dosignod par¬ 
ticularly to oliininat<‘ poi*sonal orror by tlio following procoduro. 
Transocts wore considon'd to bo 100 pacos along prodocid(‘d luios 
On each soil and silo at each dato numbors >voro drawn to dotormine 
at which ])acos along Iho transect plant inatorial ^ould be collected. 
Duplicate collections were made within each 100-pace transect. At 
two points thus selected, and thesi* were marked “a” and “b” in the 
order of collection. All collections and all “b” collections from 
10 such transects w'ere composited, each constituting exactly one- 
tenth of the total sample. In collecting, tho ckisest plant to the 
selected point was harvested, all current growth being included. 

Thus at (‘uch of three collection dates (early, medium, late) duplicate 
samples wore colleetod from 3 soil types (A, B, and C’’), and from each 
soil type on 2 sites (good, poor), giving a total of 12 separate samples at 
each date or 36 for the season. Each of these samples was, of course, 
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a composite of collections from 10 subareas. Chemical analyses were 
made in duplicate without regard to their checking, and each analysis 
was recorded separately to make possible the calculation of an analysis 
error. Standard analyses (1) were made for total ash, calcium, mag¬ 
nesium, phosphorus, crude protein, crude fat, crude fiber, and nitrogen- 
free extract. On the whole the experiment was set up on the basis 
of a factorial design. Although there were only 2 direct replications, 
there was considerable hidden rcplicationj ana as a result each con¬ 
clusion is founded upon at least 12 replications. 

Data were studied by the analysis of yariancc. Individual sums of 
squares were computed for each u(^roo of freedom (1£, p. 8 S 6 ). This 
method of computing is somewhat empirical and involves sclect<‘(l 
comparisons and, hence, cannot bo expressed by a standard equation. 
In result, it does not differ from the common methods of determining 
variance except that it permits a subdivision of the variance according 
to source. 

As an example, let us suppose .^i, X 3 , and X 3 to be the three observed 
variables and it is desired to compare the fimt with the second and the 
first two with the third. The two comparisons woiild be represcmled 
thus: 

( 1 ) 

lH-1* 


{X,+X3-2X3)^ ( 2 ) 

12+124.22 

The resultant sums of squares are divided by the degre(>s of freedom to 
obtain mean squares for each comparison (see table 4). 

Through the use of this method it was possible to measure tendencies 
toward either linear or quadratic relationships between composition 
and date of collection and between composition and soils. Since hut 
three points were determined for each cuiwe, the data merclv measure 
generm trends. For general tests of significance the F table of 
Snedecor ( 1 !S) was used, and tmlcss otherwise specified, interactions 
weiv' grouped to form the error term. 

ANALYTICAL DATA 

PROTEIN 

A summary of the results of the protein analyses is presented in 
table 1. Protein showed a highly significant * decline as the season 
progressed, the variation with time being strongly lim'ar.' The 
decline was from an average of 11.24 percent on July 1.5 to 0.19 on 
August 15 and to 6.58 percent on September 15. Dale of collection 
was far more important than any other factor in its influence upon 
protein. Site generally had a significant, though slight, effect upon 
protein, tire good sites yielding an average of 9..31 percent and the 
poor an avenme of 8.69 percent. This relationship ceased to exist 
in late sc'ason, however, for thei-e was no significant difference between 
the two sites in September. 

< An effect or dlfl^nmco Is ^id to bo siffnifloant if it is of such maKaitiidi* t hat tho piohabiln y of its chanct 
oooumnoB in imdiffercntiated matcriti equal to or loss than (i (NP* If the probability is oiiiial to or loss 
than 0.01 tbo effect is highly siRnifleant 
* Mean square values are shown In table 4 
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Table l — Chemtral composiUon (atr^nf-wnght bans) of Hnowhnrg plants col¬ 
lected on three different dates, as affected by noil typt and site, data based on an 
avetage of four analyses 

1»R01F1N COMI«\P 
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Table \.—Chemical compocitxon (atr-dry-^weight basis) of snowherry plants col¬ 
lected on three different dates, as affected by iml type and site, data based on an 
average of four analyses — Continued 

CALCllTM CONTEXT 
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There was an insipmliennt quadratie relationship belvi(»en soil and 
protein, the B soil being more favoraldo for protein than (4th(»r the* 
A or the C soil. This relationship was esjieeially obvious in the 
August analysis but entirely absent in the September analysis. Hoa\- 
ever, the interaction was not signifieunt. 

NITROGKN-PRKfc EXTRA(’T 

Date of eolleclion was far more important tlian an\ oth(»r faetoi 
in its influence upon nitrogen-free extracts. The pronounced (lechiu* 
as season progressed was significantly greatcu- dm mg the lust month 
than during the first month (table 1); in fact, in the A soil tlh»re w^as 
a slight increase between tfuly and August. 

Nitrogen-free extract bore no significant relation either linear or 
ouadratic to soil type; the soil types responded dilferenlly at diflerent 
dates, the B soil appearing to have a greater seasonal response than 
either the A or the C soil. Site had a significant, though not laige, 
influence, the average percent being 4(5.01 on good sites and 47.10 on 
poor sites. 

(^RUX)E FIBER 

A very highly significant increase was found in crude fiber as tin* 
season progressed and, though the relationship appears to be linear, 
there was a greater increase during the last month than during tin* 
first (table 1). 

An insignificant positive relationship existed between lime content 
of soil and crude fiber yield from plants collected on poor sites, tlie 
relationship being essentially linear. # 

Analysis brings to light an interesting interaction between date of 
collection and'soil in their influence upon crude* fiber. The B soil 
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was muck more reactive to date than eithc^r llic* A or the C soil. Plants 
from the B soil contained less fiber at the first analysis aTul more at 
the last than those from either of the othi'r soils. A slightly greater 
fiber content was found in plants from good site's (19.6S percent) 
than in plants from poor sites (18./>6 percent). 

('RUDE FAT 

(’’rude fat did not differ significantly w'ith change's in se)il, elate, or 
site. However, the data Inelicate'el a close relationship betwe'i'ii fat 
e'ontent of femige and soil type (table 1}. This was espee'iall^’^ evide'iit 
eni poor site's. 

A small but not ciuite significant relationship existed be'twe'en site 
anel fat conte'iit of the forage'. Poor site's averageel 12.03 percent fat 
and good site's 11.(55 pe'rce'iit. 


Te)T4L ASH 

The' teital ash e*onte'nt was found to de'civase as the' seasem progre'ssed, 
the' ele'e're'ase lieing significantly girater in tlie last month than in the 
first (table 1). 

There was likewise' a highly significant re'latiem lii'twe'e'ii seiil and 
total ash cemte'nt, the' se>il ave'raging more than e'ithe'r the A or 
the B soil. 

Site' was insignificantly re'late'el te) ash c'onte'iit, the* poor site averaging 
(5.22 pe'rce'nt and the ge)oel site (5.38 pewent. 

PIIOSPHOKITS 

Pliospheirus slioweel a highly signifie'ant re'latiein te) e'e)lle‘e*lie)n elate 
anel soil but not to site*. Average yie'lels sheiwn in table 1 inelie*ate a 
te'iieh'ne’y teiwarel a large* liiu'ar decrease as the* season preigresse'd. 

The phosphorus content was signiOcantly greater on the V soil, 
e^pe'cially em gooel sites. The eliffere'ne'e* was significantly greater be¬ 
tween C and B soils than between B anel A soils. Phosphorus was 
highe'r ein gooel sites at early and lat^* elates of colle*e*tion, but higher 
on poeir site's at the inte'rme'eliate elate. Poor site's were higher in 
ph()sphorus on A soil but we're lowc'i* in phosfihorus em C soil. 
This soil-site inte'raction was highly significant. 

e'UXTTUNf 

The'rc was no significant eliirerencc in e'alcium cemtent of the* plant 
on different seiil types (table* 1). A highly significant increase was 
femnd in calcium at the* middle elate and tliis was followed by a de*- 
e'line*, no significant diffe*re*nce existing be'twe'e'ii the c'arly season and 
the late season analysis. 

Plants from gooel sites teiulc'd to have slightly le'ss calcium (I 43 
pe'rcent) than those from poor sites (1.52 perce*nt). However, the 
elifference was not quite significant. 

MAGNESIUM 

Magnc'sium showe'el no significant relation to soil (table 1). There 
4vas a highly significant tcnelency toward eh'cre'ase in aye*rage mag- 
ne'siiim contemt as the season progressi'd. This was c'xhibited much 
more strongly in plants from good site's than in those from poor. 

420781 41- 4 
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Plants from poor silos contained a higlily significantly greater quan¬ 
tity of magnesium^ averaging 0.335 percent as compared to 0.200 in 
plants from good sites. 

COMPARISON OF FIELD ERROR AND ANALYSIS ERROR 

In order to place field errors on a comparable basis the variance of 
field error of each constituent was dividend by the mean of the percent 
of that constituent in aU samples. The same treatment was followed 
for analysis error. The results are shown in table 2. 

From these values it is evident that a generally higher variability 
occurs between duplicate collection samples than between duplicate 
chemical analvses. The chemical analysis is most variable in crude 
fat, nitrogen-free extract, and crude filier in the order named. This 
might be considc'red tis ap. index to the accuracy of analytical methods 
used. The field-collection duplicates varied greatly in crude fiber, 
nitrogen-free extract, and crude fat in the order named. 

Only in the case of crude fat did the variation within chemical- 
analysis duplicates exceed the variation between collection duplicates. 
This would indicate a refinement of analytical method insuili(*ient to 
differentiate between collection duplicates. This same situation is 
approached in the case of nitrogen-free extract. 

The greater variation shown in some constituents than in othei's 
between duplicate collections would indicate that these constituents 
vary more in individual plants, though it must be kept in mind that 
eheinical-analysis error is carried over to field-collection c'rror. For 
example, the high field error in the ease of crude fat might be aecount(‘d 
for entirely by chemical error. 


Tablk 2 -Field- aud laboratoiy-trroi tompanson {variana dimded by gemral 
mean) and ratio of laboratory error to fiild (trot by tomtit at nts of snowbttry 
plants, based on data in tablt t 
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NEED OF DUPLICATE SAMPLING 

Estimated standard errors were detenniiied according to thc^ method 
suggested by Bartlett and Greeiihill {2), Table 3 shows these esti¬ 
mated errors for each constituent had field and laboratory duplication 
of various combinations been used. Mean square values derived 
from table 1 are shown in table 4. 

With the exception of crude fat, there is little increase in accuracy 
gained by duplicate chemical analyses. As Bartlett and Greenhill 
nave stated, ^'the chief justification of duplicate determinations 
* * * * is that they serve as a cheek against tin* possible return of 

an erroni'ous figure.*' In the case of crudb fat, however, there is 
apparent a large variation in chemical analyses, and duplication 
materially reduces the standard error. 
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Field-rolleoiion duplication generally does not give a significantly 
iiici eased accuracy of data Duplication of the field sampling, how¬ 
ever, does appear to be more unpoitaiit than duplication of laboratory 
analyses In the case of magn(‘sium, duplicate collection lesults m a 
materially decreased standard error but in no othei instance does the 
increased accuracy appear sufficient to justify the lalior and cost 
involved These conclusions do not, of course, ignore the importance 
of duplication as a ini'ans of chicking errors 

lABii!i3 PJsttmalid standard ertorn for rack eonatitvent of atiowberry plants (X- 
prraaed os pererntagr of thf general mean for various combinations of jiild and 
labofatory duplication basal on data in table 1 
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CONCLUSIONS 

From these studies il is concluded that in collecting plants foi com¬ 
plete chemical analysis attention must be given to soil type, site, arwl 
date of collection. The importance of these variables, however, is 
clependent upon the individual constituent being analyzed In collet - 
tions to deteimine seasonal variation it is essential to sample within 
the same* site* and soil type or so to composite the collection as to 
make it representative of these two variables In complete chemical 
analysis the complicating interactions that occiii between thc*se vaii- 
ables make it impossible to for(K*ast chemical response to any on<‘ 
factor unless all others are made constant or made a part of the analvsis 
through appropnate expcTimental design 
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For these rc^asous it is sugec'stecl that in sampling highly variubh^ 
range floras for chemical aiiafysis^ seasonal collections he made from 
regularly established stations. These stations should be so lo(*uted 
as to be representative of th<i soil type's and sites that exist within the 
range. This can be done hy making the number of stations within 
each soil type and site numerically proportionate to the area occupied 
by that particular soil type and site in the entire range. The saniph' 
should, of course, be equally composited from each station. 

SUMMARY 

C^'liemical response was studied in Symphoricarpns roinndifoUu^ 
near Logan, Utah, to variation in site, date of collection, and soil type. 

Date of collection was by far the most inlhumtial factor, late season 
resulting in a highly significant decrease' in protein, nitrogen-free' 
e'xtract, total ash, pliosphorus, and magne'sium; and a highly signifi¬ 
cant quadratic influence' upon c'alcium. Only e*rude fat faileel te> 
re'spond to season. 

^il type had a highly significant influe'iiee upon total ash anel 
phosphorus conteuit and a pmnounce'd though insignificant e»ire'e*t 
upon protein conte'nt. 

Site had a significant influe'iu'e upon prote'in anel a highly significant 
influence* upeui magne'sium, protein be'ing higher and magne'sium Iowe*r 
on good sites. Nitroge'n-fre'c e'xtract was alsei significantly higher ein 
poeir sites. 

Comple'X inte'ractions are cxinunon betwee*n date of cedle'e'tion, site*, 
and soil, and for this re'asein attention must be given to all be'fore broael 
cemclusions are drawn regarding the infhu'nce' eif any. 

Large error or variation was apparent in the aiialytie'al preice'diire* 
for crude fat,and tlie fie'ld variability was e'spe'e*ially high in cruele* fibe‘r, 
nitrog('n-free e'xtract, anel cruele fat. 

For the de'te'rinination of iimst compone'uts duplie'ate e‘olle'e*tiein anel 
eluplicate analysis elo not incivase the accuracy comme'nsurate with 
the e'xtra expense incurre'd, and hence can be justifie'd only as a me»ans 
eif che'cking errors, 
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AN INVERSION, A RECIPROCAL TRANSLOCATION, 
TRISOMICS, AND TETRAPLOIDS IN BARLEY > 

Uy Liithbr Smith > 

Agent, Divirim of Cereal Crops and Diseases, Bureau of Plant JnduHry, Vwted 
States Department of Agriculture 

INTRODUCTION 

The objeetivw of tlie investigation reported herein were (1) to 
explore the possibilities of barley {Hotdeum vtdgare L.) as a subject 
and source of problems for eytological study aud (2) to make a survey 
of some mutants, varieties, aud hybrids of barley ui order to determine 
whether there may be any eytological basis for obs(‘rvtHl pecidiarities, 
such as dwarfnras or sterility, of certain plants. Except in a few 
instances, the obscrv'atioiiii here reported were made during June 1940 
at Aberdeen, Idaho. 


REVIEW OF LITERATURE 


Though barley has been used rather extensively in genetic studies, 
few eytological observations have been reported. The first obst'rvcrs 
were interested in the number of clmimosomes and their morpboloOT 
ui the various speck's. A review of the contributions of most of we 
early authors may be found in Gliimpu (4) * and Lewitsky (10). 

Cultivati'd barleys, and some noncultivated species, have 14 somatic 
chromosomes. Wild species with 14, 28, and 42 chromosomes were 
report'd by Griffce (ff), Ghimpu (.^), and others. The cliromosonu's 
are long and slender, with median or submediau centromeres. Emme 
(3) was the first to report satellites in barley. Lewitsky (10) reported 
tliat there were regularly 2 pairs of cliromosomes with satellite's in the 
specie's having 14 chromosome's. One pair of satellites was larger than 
the other. Tlu'se sate'Uite's are pre'sumubly dilTemit from the lai^e 
appe'iidage obse'rve'el by Hasegawa (6‘) in 9 species from Aegilojts, 
Triticum, Seeale, and llordeum. If that is the case, there art' 3 pairs 
eif cliromoseimcs with elistingiiishablc appenelagi'S. 

Johansen (7) exainine>el root tips from a comme'rcial lot of see'el of 
JItnrdeum rvlgare and femnd a high frequene-y (possibly 10 pe'rcont) e»f 
haploids. lie observi'el two appendage's (with inconclusive e'vide'nce 
etf two more) in diploid and two in haploid root tips. The haploids 
were diseareled before the'ir constitution was knowMi, so a study of 
meiosis eemld not be made in the'in. Tometorp (23) studied me'iosis 
in pollen motlu'r ce'lls of a haploid of II. dintiehum, however, and 
fenmel occasional bivalents. Usually the chromosome's we're dis- 


> Kowived for publication February 8,1941, Cooiicrative In^csllirotloiis botweon the Division of rcn*al 
(^rops and Diseases, Bureau of Plant Industry, U. 8. Deiiariment of ARricullurc, and the Field Croi»s 
Department, Missouri Agricultural Kxiiernnent Ntatiou, Contribution from the Field Croiis Deimrt- 

ment, Missouri Aforicultural Experiment fltation, Journal Series No. 723. , ^ ^ ^ i ^ 

* The writer is indebted to H. V. Harlan, O. A, Wiebe, Mary L. Martini, C. A. Hiineson. and Harland 
Stevens, of the Bureau of Plant Industry, and John L. Toevs, of the Aiavdeen substation of the Idaho Agri¬ 
cultural Rxiieriment Station, for supplying materials or proMdlng facilities for thpue m\enigations. 

1 Italic numbers in imrentheses refer to Literature Cited, p. 749. 
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tributod at random in the first division and tlie chromatids did not 
ordinarily separate until the st'cond division. Microspon's were 
obse^ed with 7, 8, and 13 or 14 chromosome at tlie first mitotie 
division, 

Ekstrand (B) reported observations on the meiotic process hi a 
partially asynaptic strain of barley, and vSwenson {BB) described 
nuMosis in normal plants. 

I’eto (IS) examinwl diploid and tetraploid llorets on the same spike 
for ehromosonie pairing and ehiasma freiiuency. He found an average 
of ,3.58 (imulrivalents (range I to 7) in 4w pollen mother cells. One 
of two megaspore mother cells had 7 (juailrivalents; the otlier had 4. 
In the tetrapioid pollen mother cells there were 1.87 times as many 
ehiasmutn os hi th(> diploid. 

Muntzing, Tometorp, and Mundt-Pi'terseii (IB) and Karp«Thenk(» 
(S), with h«>at, and Dorsey (/), with colchiehie, obtained tetraploid 
barley plants. All found plants with 1, 2, or 3 more than 28 somatic* 
chromosome's in the progeny of tetraploid parents. Miintzing 
reported 4, and Karpeehenko 1, offspring with only 27 elmMuosomes. 

Kattennann (.9) was the first to report a trisoihie plant in bailejk. 
1I(* obsc'rved mitotic* and meiotic divisions in a trisomie )>lant of Ilm- 
f/f um ditstichum. The chromosome invoivc'cl was not one with a satc'l- 
lite. 

MATERIAL AND METHODS 

The plants studied were mainly fixnn varieties and strains cjf IJordevm 
nilgarj that wc'i*e being usc'cl in the barley breeding project of the* 
Division of (\*rc*al (’'roj)s and Disc'ases. An adapted acctocarminc 
sinc‘ar tc‘ehnic|uc> A\as usc'd in making all slide's for cytological 
observations. C’anioy’s fluid was uschI us a fixative. Heads wc'rc' fixt'tl 
for 1 to sc'veral days; n)C)t tips for a wc'c'k or longer. A more' c*um]>letc' 
dc'seriptiem of the root-tip smear proec'clure has been published by 
Smith (18). Some smears wc're made pc'rmanent by an improved 
mc'thocl (c*mi)loying tc'rtiary butyl alcohol instead of xylenc') suggested 
by Sc'urs (17). Photoinierographs were taken with a Leitz Makam 
cainc'ra. 


1, A UrIdKo with a fracmeiit beside it; first anaphase in a pullen inother cc'II. 
H, A bridae and fraKiueiit at heectnd telophase in one cell of a d>ad. The frag¬ 
ment ih indicated near the pole. C, A ring of four ehromui»omes (open) at 
tirht nietaphase in a pollen mother cell of a plant heiero/\gous for a reciproeal 
traiialocation. />, St'ven pairs at first nu'tapliahc from the ^ame slide as (’. 
Two paiii are attached at onh one end. E, First division in a microspore, 
showing satellites oii two chromosomes. F, First lueiotie inetaphaso in a polleu 
mother cell of tnsoraie plant 202 1; trisome indicated by arrow. G, Keeond 
meiotic anaphase in a iMillen mother ei'll of trisomie plant 20'2 2. A lagging 
eliromatid is in each daughter cell. The chromatids of the extra chromosome 
prc'snmably sejiarated in the first division. H, A chromatid in which *‘mis- 
division" liaa oecurred; second meiotic anaphase m trisomie plant 202 2. /, 

Diakiii(>sis in a tetraploid “Big Boy,” barlej. There are three open nngs of 
four, a isigzag group of four (top, right), a cliain of four ^cenU'r, right), and four 
bivalents. Note the two nucleoli. (Photomicrographs A and B wore taken at 
a magiiifieation of 1.050 diameters, the others at 850. All were reduced about 
1/10 in n'prodiietiou.) 
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AN INVERSION 

In attempting to detennine the cause of the low seed production in 
a “Sterile Flowers" stock (a selection from Hordeutn deficient nudvde- 
Jieiena, C. 1/ No. 2229), two of five plants oxammed in one progeny 
were found to have seven pairs of chromosomes at first metaphase and 
bridges and fragments at first and second anaplwso or Udophase in 
pollen mother colls (pi. 1, A and B). Other “Sterile Flowers" plants 
did not have the bridges and fragments, so presumably there is some 
other cause for the sterility in “Sterile Flowers" plants. Table 1 sum¬ 
marizes the observations on bridges and fragments at the first division 
in the two plants. In plant 219-2, 24 percent of tlio cells had either 
a bridge or both a bridge and a fragment, and in plant 219-4 the 
value was 14 percent. A larger proportion of the cells of plant 219-4 
were without visible fragments. 

At second anaphase and early telophase in plant 219-2, 4 quartets 
iiad a bridge and fragment; 16 had a bridge but no visible fragment; 
and 72 had neither bridge nor fragment. Thus about 20 percent of tlie 
quartets had a bridge. The fragment was not necessarily located near 
the bridge. The fragment presumably was formed in the propliase of 
the first division, though it may not have become free until the second. 


Table 1 


219-2 

219-4 


Data on bridges and fragments at the first mitotic dvtvon in jHtUen 
mother eellt of jnants tnih an inversion 


(Vlls with a bndgf 

Oils a ithout a briditt^ 


WithH 

fTHRnieut 

Without a 
fragment 

With a 
fragment 

W ithnut a 
fragniLiil 

1 otnl ((Us 

Number 

IK 

K 

Number 

b 

21 

Numtur 

S 

0 

^umbtr 

U7 

17U 

Vi£ rafter 

iPi 

2m 


The bridges anil fragments in the two plants may be accounted fur 
by assuming single cross-overs in an inverted segment, iw depicted 
in'figure 1, though, as shown by Richardson (/^), a duplication can 
also give bridges and fragments in plants with bivalents only. .4s 
the fragment is small the inversion must be near the end of the 
chromosome. The percentage of bridges, however, might lead one 
to expect a lai]ger fragment. Tfrc explanation may be a liigh fre¬ 
quency of crossing over localized in the short inverted segment. The 
bridges at second anaphase and telophase fit the interpretation of 
single cross-overs in the inverted region, accompanied by simultaneous 
cross-overs in the proximal uninverted portion of tlie arm. Expla¬ 
nations for the absence of a fragment in a cell with a bridge at the first 
division have been considered by McClintoek (11), Swanson {21), 
and others. 

Plant 219-2 (a 2-rowod t 3 rpe) had a seed in all but 1 of 45 primary 
florets, so female fertility was not much reduced. 

McClintoek * has also observed tliat inversions (and other aberra¬ 
tions whidi give rise to bridge configmations at meiosis) do not 

«C I refers to aroemion numVior of the Division of Cereal Crops and Diseases. 

>McGiintock,B. Unpublished observations. * 
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produce female sterility proportionate to the number of pollen mother 
cells with bridges. 

Sturtevsnt and Beadle {19) and others have observed that single 
rro88>ovors in heterozygous inversions in LfrosopkUa melanoga<ster do 
not result in inviable zygotes. Sturtevant and Beadle suggested 
that the chromosomes were oriented in such a manner that only 
non-cross-over chromatids get into the nuclei that become the egg 
nuclei. The same sort of behavior may account for the lack of 
sterility in the barley plant. 


FIRST SECOND 

PROPHASE ANAPHASE ANAPHASE 



Ku.tiHB 1 — A diagraui illustratiiiK ‘■oiup modes of origin of bridges and fragments 
fiom crushing over in a t»ivalent hctcro/\gous toi an invciMon -1, A single 
iross-(ncr 111 an inserted segment B, A hiiiglo erohs-o\er in an inverted 
s(‘giiient and a sunuManeous cross-over in a provuual uniiiverted begnient 
producing a three-strand double eniss-over Cross-overh are represented bv 
and the ceiitiomeres h\ circles For more eoniplcto diagrams of crossing 
over in inversions, see McCiintoek {//), Richardson (/T), and Sax (IS) 

A RECIPROCAL TRANSLOCATION 

In 1938 the writer receivwl from G. A. Wiebe * seed of plants, some 
of which were supposed to be heterozygous for a gene causmg “Con- 
tabiwent Antlier,” a mutant characterized by nearly complete male 
and female sterility. This mutant was selected from C. I. No. 3845, 
a variety obtained from Kaslunir, India. The sterility is associated 
with a meiotic irregularity as yet undescribwl. In an examination of 
this stock for the meiotic disturbance, tlio reciprocal translocation 
described in this section and the three trisomic plants reported in the 
next section were found. No cause for the coincidence of these Uiree 
ilitferent irregularities in the s^e stock was observed. Several 
normal plants weie regular at meiosis. 

The translocation apparently involves small segments of ea<*li^ of 
two nonhomologous chromosomes. Often the configuration at firat 
melaphase is a chain of four instead of a ring, and not hifrequently 
seven pairs are formed (pi. I, f^'and I), and table 2). 

More pollen motlier cells had zigzag (disjunctional) than open 
(nondisjunetional) configurations of the cliromosomes in the or 
chain (table 2). Plant 201-1 was the parent of 207-1, and the 
behavior of the ring m the two plants was similar. The behavior of 


• Agnmnimst, DivlMon of Cerpal C’rops and Hwases, 
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tho ring in tho two sib plants of 203, whose grandparent was the 

! >arent of 201, difftTcd from that of the ring in 201 and 207 in that 
ewer rings and chains were formed and more cells had seven pairs. 
It is possible that another interchange is involved, tliough the close 
relationsliip between 201, 207, and 203 makes this unlikely. Also 
interchanges involving such small segnients that chains and even pahs 
are formed have not been common in other oiganisms. Except for 
the closed rhigs in the two plants of 203, tlu‘se plants might be sus¬ 
pected of having received deficiency-duplication gumtdes formed bj 
nondisjunctional segregations of the ruig observed in 201 and 207. * 

Tablf 2. CoHfiqiiraUoni> of chTomonomfs af ftnt mnottc nutaphasf in poUni 
mother cells of jilants htUrozqgous for a renprornl (ranslornUon • 


Km(r of 4 ("hum ol 4 


r*laiit 

/ijl- 

ruff 

0|Mn ' 

\ Unclas 
siflo*! 

Fill 

/HR 

1 

0|KII 

' 1 tulas 
blfUHl 

7 iimrs 1 i 

' ' siflofl ' 

lot ll 
((Ms 


dumber 

[jVMwfrr 

1 

\umhfr\Nii mbtr 

JNftimhrr 

Wumfnr \ ti wftfr' A umhtr 

2(M 1 

Hi 

1 1 

2 


Cl 

2 ' 

12 1(1 

221 

J07-1 

52 

' 2<» 

T 

W 

17 ' 

' 7 

H 10 

ll*» 

JOM 

1 2 

1 ^ 

» 

a 1 

1 21 

(1 

no IS 

22S 

J(M 2 

' S 

1 

1 » 

u 

21 

(1 

11 122 1 

22li 


> s<H. ti\( fur iilationship of plants 

No comparison of the sihuI sot of normal and rmg-forminj^ sil) 
plants has been inadc^ as yet, but it is clear fiom table 8 that plants 
with the interchauj?e are not ‘‘semistenle'' in seed scd. The fiist tuo 
plants in table 3 were ring-forming plants grown in the gn'eiilioiisc' at 
Columbia, Mo. The third was grown in the field at AlxTdec'ii, Idulio 
The last two plants were normal field plants which W(»re not sibs of 
the ring-forming plant but do give some infonnation on fertility ol 
plants of similar type. There is a close agreement in the* fertility of 
the three ring-forming plants (firi.fi, 69.0, and 64.8 i>(*rcent) aiid a 
similar agi*eem(»nt between tlie two seven-pair plants (92.4 and 93.0 
percent). The fertility of the ring-forming plants also approximates 
the proportion of the pollen mother cells of the first two plants of 
table 2, in which the chromosomes were oriented disjunctionally. 

Tablf 3 Ferhliiif of nng-fornnng and not mat plants 

S(V(1 ]<irtilit\ 

Aiimbfr l\rt(nt 
hi ii*) (• 

H9 m () 

m fil h 

m <121 

19S ‘M 0 


TRISOMICS 

Three trisomic plants were found in the same stock that had tlie 
reciprocal translocation and the mutant ^'Contabcsc(*nt Anther.” Two 
occurred among 182 offspring of 1 plant. The third was found among 
about 20 offspring from anotlier plant. The populations were so 
uniform that the 3 trisomic plants, which were smaller than the oth(*is, 
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wore suspocted of being haploid or otherwise abnormal. It is possibh* 
tliat other trisomics were present but did not affect the appearance of 
the plants auffieiontly to attract attention. The 3 plants were about 
two-thirds the h«Mglit of normal plants, were vigorous, and pro- 
<lueed several tillers. There was no obvious morphological charac¬ 
teristic* to distinguish tlumi from one another or from normal plants. 
C^areful observations on more* individuals may rev(*al idontifiabh* 
peculiarities. 

There is probably no causal relation between the* translocation pre¬ 
viously described and the trisomes. If there had been a 3 : 1 distribu¬ 
tion of the chromosom(*s at meiosis in a ring-foiming plant, the* 
offspring receiving the extra chromosome would have a chain of five 
chromosomes in some pollen mother cells. No more* complex associa¬ 
tion than a trivalent w'as obs(*rved in the trisomic plants, but since the 
translocation api)arently involvi*s quite small segments it is difficult 
to exclude the possibility that chains of five do occur. 

CytologicaUv th(*re was no clue as to whether the* same chminosomc* 
was involved in the three trisomic plants. (Ytological observations 
wen* limited, how'(*v(*r, to m(*iotic stages, where chromosome morphol¬ 
ogy is not very w'cll t*\pr(*ss(*d. Furth(*r observations on root tips or 
ini(*rospores should make* it possible to determine* whether either of 
the satellit<*d chromosomes as shown in plate 1, K, and by Lewitsky 
{!()) is present in triplicate. 

In some pollen mother c<*lls the chromatids of the extra (‘hromosome 
S(*parat(^d in the first division. These* presumably ac*counted for the* 
lagging clironiosom<*s at the second division and for most of the 
micronucle'i in the quartets. 

Photomicrographs (pi. 1, anel (f) show typical (‘onfigurations of 
m(*iosis in the trisomic plants. Table 4 summarizes the obse*rvations 
on the extra chromosome* in two of the plants. A considerable pre>- 
porliem of the* quartets had no mieTonue*le*us aiiel appimimate'ly one*- 
thirel of tlie apore*s preibably hael eight e*hre)mosome*8 (calculate*el from 
table* 4). There was no e>bserve*el e*ause for the consielerable* number 
e)f quartets in plant 202 1 with more than iwo micronuclei. Four 
ejiiartets in this plant hael five micronue*h*i each; eithers hael thrc*e* or 
four. 

The eihromosoiiie's of a tiisome* in trisomic plants are known to tt*nel 
te) ^‘misdiviele’'; i. e., to eliviele transverse*ly instead eif longituelinally 
ae*ross the e*e*ntrome*re. As a result of this “inisdivisieuf* lialf chre>mo- 
se)nu\s are forme*el with terminal centromere*s.^ This sort of behavior 
W'as observe*el in several polle*n mother ce'lls in the* trisomic barle*y jdant 
202-2. Plate 1, 77, shows a chromatid afte*r a “misdivision.'^ The 
irre*gularity in this case* probably occurred at the seconel anaphase, 
though in another cell at secoiid metaphase tw'O fragme*nts we're 
already present so the “misdivision^’ in this e*as(* pivsumably hael 
e)e*cuiTed in the first eJivision. From results reporte*el in other e>rgan- 
isms, lialf chromoseimes with terminal centromere's and secemelary 
trisomes might be expecte*d if sufficiently largo progenie's from the 
trisomic plants were e'xominod. . , , • • i 

Trisomic offspring have been obtaine'd from two e)f the three e^riginal 

plants (202-2 and 207-t3). 

' Hoc Rhoiulos 04) for a ro\!ow of the litorntiiro rolalinp to tiii^ iihpoomonon 
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Plant 
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First anaphase 

First telophase 
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chromoBomob 

1 
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0 

1 

2 

0 

1 

2 

0 

1 

2 
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No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 

No 
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4 

43 



41 

4 
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OS 

40 

02 

20 

202-2 

12 

25 

14 

14 

100 

12 

1 

5 

2 

2 


13 

10 
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TETRAPLOIDS 


Three tetraploid stocks were available for study, but because of the 
lack of time and the abundance of other material only limited obser¬ 
vations were made on them. One stock, “Big Boy,” was found in 
1936 by H. V. Hailan* in a selection from the cross Trebi X Club 
Mariout; another was a tetraploid strain of Opal B *; the third stock 
was a tetraploid line of the variety Everest, obtained by Harland 
Stevens “ from a treatment of germmating seeds with colchicine 

There was no conspicuous difference in the meiotic behavior of 47i 
plants from the three sources. Quadrivalents were tlie rule (pi. 1, D 
Univalents and trivalents were fairly common, but micronuclei in the 
quartets were not numerous. 

Each of the three lines bad occasional small plants; some weie 
extreme dwarfs, forming rosettelike clumps. Some of the less ab¬ 
normal plants were found to have 26 or 27 chromosomes, but no count 
was obtained on the more extreme dwarfs. 

Stevens had planted seeds from a few small plants of tlie 4n Everest 
stock, and in turn the small plants in these progenies were examined. 
One of the smaller plants had 29 chromosomes, another 29 or 30, and 
a third had 28. Tms last plant possibly had an unbalanced constitu¬ 
tion, with more than 4 homologous chromosomes in some cases and 
fewer tlian 4 in others. 

Six plants that grew from attempted crosses of diploid polliuatHi 
by tetraploid had 14 chromosomes at meiosis. One plant from the 
attempted cross of tetraploid by diploid had 28 chromosomes in a 
root tip. 

Table 5 presents data on tlic fertility of the three tetraploid strains. 
Although the data on corresponding diploid lines arc not available, it 


IVtraploid strain 


Big Boy 
Do . 
OpalB 
Do 

Eyorestr . 


Tablb 5 .—Fertility of tetraploid barleye 
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Ixication svhere groi^n 


Aberdeenp Idaho 
Madison, Wis 
.do . 

Saraton, Arir 
Aberdeen, Idaho 
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19% 
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04 
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Seed 


Nuwbef 

m 

70 

20 

42 

leo 


> Prinoipal afronomuit, Division of Cereal rrops and Diseases 
* Obtained mnn A. MOntsing, of Svalof, Sweden 
Assistant agronomist. Division of Cereal Crops and Diseases. 
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can bo safely assumed from this table that fertility in tetraploids is 
considerably lower than in tlie diploids. 

OBSERVATIONS ON MISCELLANEOUS MUTANTS AND HYBRIDS 

IN BARLEY 

Seven mutants (in addition to “Contabescent AnUier”) were ex¬ 
amined for meiotic irri'gularities. No abnormality was observed at 
the stages examined, wliich in almost every case ineJuded first meta- 
^ase aiid anaphast', but the observations were of necessity limited. 
The mutants included: “Curly Awns,” one plant; “Sterile Flowers,” 
8<'veii plants; “Sterile Flowers, Smooth Stigmas,” one plant; “All 
Wrong” (a dwarf), three plants; “Mary’s Dwarf,” one plant; “Aful- 
tan” (a variety), two plants; “Unicidm,” two plants; Suneson’s 
“Male Sterile” (W), thr<>e plants. 

In a search for trisomics, triploids, and haploids, ofFtype plants were 
sampled among the laif:e number of vaiietal hybrids in the breeding 
project at Aberdeen. No chromosomal abeiTations were found though 
29 peculiar plants were examined. 

SUMMARY 

About 20 percent of the pollen mother cells in two plants of one 
jirogeny of barley had a bridge or fragment or both at tlie firet divi¬ 
sion. Tlw'se configurations ore interpret(>d as due to crossing over in 
a heterozygous inversion. 

A reciprocal translocation is described. Limited observations in¬ 
dicate Hint in alxmt (JO percent of the pollen mother cells, segrega¬ 
tions of the clu'omosoraes were disjunctional. Fertility was about 
OS^ercent perfect in three ring-forming plants. 

Three trisoinic plants were round. ()bservations on meiosis in two 
of tlie plants are reconh'd. 

Obsen-ations are reported on meiosis, fertility, and chromosome 
number in three strains of tetraploid barley. 

Examination of a number of mutants and varietal hybrids revealed 
a meiotic disturbance ns characteristic of only one mutant. 
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